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I .
The o i l s  o b ta in e d  b y  d i s t i l l i n g  tn e  n a t u r a l  ex­
u d a t io n s  o f  p in e  and f i r  t r e e s  w e re  know n t o  tn e  a n c ie n t s  
as  c e d a r  o i l s .  P l i n y  m e n t io n s  o i l  o f  t u r p e n t in e  ( c e d a r  o i l )  
i n  n i s  N a tu r a l  H i s t o r y  ( B k . XV . c iia p  . 7 .  ; P l i n y ' s  N a tu r a l  
H i s t o r y  i n  B o l in 's  C la s s ic a l  L i b r a r y ,  v o l .  I I I .  p .  2 8 8 .)  . 
H e ro d o tu s ,  i n  h i s  a c c o u n t  o f  th e  E g y p t ia n  p r a c t i c e  o f  eror- 
b a lm in g  th e  d e a d , g iv e s  a d e s c r ip t i o n  o f  tn e  u s e  o f  a c ru d e  
o i l  o f  t u r p e n t in e  ( H i s t .  B k . 2 .  c h a p . L X X X V ii .  ; L a c n e r 's  
N o te s  on H e ro d o tu s ,  L o n d o n . 1 8 4 4 . v o l .  I .  p .  312 .) . T h is  
o i l  i s  s a id  t o  have  been  o b ta in e d  f r o m  o le o r e s in  b y  b o i l i n g  
w i t h  w a te r  i n  an open e a r th e r n  p o t ,  a nd  s k in m iin g  o f f  th e  
c ru d e  o i l  as  i t  ro s e  t o  th e  s u r fa c e  o f  tn e  w a te r .  The v e r y  
e a r l y  e x a m p le s  o f  f i n e  C h in e se  la c q u e r  w o rk  le a d  to  tn e  con ­
c lu s io n  t h a t  some k in d  o f  o i l  o f  t u r p e n t in e  v/as d i s t i l l e d  
a n d  u s e d  b y  th e  C h in e s e  i n  a n c ie n t  t im e s . I t  w o u ld  th u s  
a p p e a r  t h a t  o i l  o f  t u r p e n t in e  was th e  f i r s t  o f  a l l  th e  
e s s e n t i a l  o i l s  t o  f i n d  c o m m e rc ia l u s e  a n d  t e c h n i c a l  ajp- 
p l i c a t i o n .
P u re  o i l  o f  t u r p e n t in e  may be d e f in e d  a s  th e  o i l  
o b ta in e d  b y  d i s t i l l i n g  t u r p e n t in e  w i t h  w a te r ,  o r  w i t h  s te a m  
w h ic h  has n o t  b ee n  s u p e rh e a te d .  The d e f i n i t i o n  f o r  o i l  o f  
t u r p e n t in e ,  p ro p o s e d  b y  M .V e x e s , p r o fe s s o r  a t  tn e  u n i ­
v e r s i t y  o f  B o rd e a u x ,  a nd  a d o p te d  b y  th e  i n t e r n a t i o n a l  Con­
g re s s  f o r  th e  S u p p re s s io n  o f  A d u l t e r a t io n s ,  P a r is ,  1 9 0 7 .,  
c o n ta in s  tn e  f o l l o w i n g : -
2 .
” T u r p e n t in e  o i l  i s  e x c l u s i v e ly  th e  p r o d u c t  o f  th e  
” d i s t i l l a t i o n  ( w i t h  w a te r  o r  n o n -s u p e r h e a te d  s team )
" o f  th e  r e s in o u s  e x u d a t io n s  o f  th e  s e v e r a l  s p e c ie s  o f  
« P IN U S ,
n T u r p e n t in e  o i l  s h o u ld  n o t  c o n t a in  m in e r a l  o i l s  o r  
"  o t h e r  p r o d u c ts  n o t  r e s u l t i n g  f r o m  th e  d i s t i l l a t i o n  
”  o f  t u r p e n t in e  w i t h  w a te r  v a p o u r .  I t  m ay, h o w e v e r ,
« c o n ta in  s m a ll  am oun ts  o f  r e s i n  o i l  a n d  c o lo p h o n y  
" w h ic h  r e s u l t  f ro m  th e  p ro c e s s  o f  d i s t i l l a t i o n  ( so  
”  c a l le d  n o rm a l a d u l t e r a n t s  ) ^
O i l  o f  t u r p e n t in e  ( o r  p in e n e  ) i s  v e r y  w id e ly  d i s t r i b u t e d  
a n d  can  be fo u n d  o p t i c a l l y  i n a c t i v e ,  as w e l l  as  i n  b o th  
o p t i c a l l y  a c t i v e  m o d i f i c a t i o n s .  T h is  o i l  i s  s c a r c e ly  e v e r  
fo u n d  i n  f lo w e r s ,  b u t  n e a r ly  a lw a y s  o c c u rs  i n  th e  o i l s  
o b t a in e d  f ro m  le a v e s ,  b a r k s ,  a n d  w o o d s . W h i l s t  th e  p r i n ­
c i p a l  s c o u r ce o f  p in e n e  i s  th e  o le o r e s in s  o f  th e  s e v e r a l  
s p e c ie s  o f  P iN irs  i t  has a ls o  b ee n  fo u n d  i n  th e  o i l s  o f  
c y p r e s s ,  n u tm e g , ca m p h o r, c o r ia n d e r ,  c a r r o t , ,  f e n n e l ,  r o s e ­
m a ry , le m o n , r u e ,  p a r s le y ,  p e p p e r m in t ,  a nd  e u c a ly p t u s .
O i l  o f  t u r p e n t in e  i s  a c o lo u r le s s  m o b ile  l i q u i d ,  
w h ic h  u n d e rg o e s  a u t o x id a t io n  on s ta n d in g  i n  c o n ta c t  w i t n  
th e  a i r ,  a nd  p a r t l y  r e s i n i f i e s . The b o i l i n g  p o in t s  o f  n e a r l y  
a l l  o i l s  o f  t u r p e n t in e  l i e  w i t h i n  th e  ra n g e  1 5 4 ^ -1 7 5 ° 0 .
The e a r l i e s t  o b s e r v a t io n s  made on o i l  o f  t u r ­
p e n t in e  c o n c e rn e d  i t s  b e h a v io u r  a t  lo w  te m p e r a tu r e s ,  i n  1794
3 .
M a rg u e ro n  ( j o u r n .  de O h im . e t  de P n y s .  17 9 4 .  2 , 178 ; C r e l l ' s
A n n a le n ,  1 7 9 5 . 2 .  1 9 5 , 3 1 0 , a nd  ^ 3 0 . )  s t a t e s  t n a t  tn e  o i l
when c o o le d  t o  - 2 8 * G . s o l i d i f i e d  t o  a c r y s t a l l i n e  m a s s .
D u r in g  a n  a tte n q p t t o  p re p a re  a " L iq u o r  A n t a r t i i r i t i c u s  P c t t i i "
i n  w h ic h  p r e p a r a t io n  h y d ro g e n  c h lo r i d e  i s  p a s s e d  i n t o  o i l  o f
t u r p e n t i n e ,  th e  a p o th e c a r y  K in d t ,  o f  E u t i n ,  o b ta in e d  a s o l i d  
m ass o f  c r y s t a l s  ( T r o m i is d o r f f  s J o u r n .  d e r  P h a rm . 1 8 0 3 . I I .  
p t .  2 .  1 3 2 .)  . T n is  s u b s ta n c e  he and  o th e r s  c o n s id e r e d  t o  be 
" a r t i f i c i a l  c a r ip h o r "  . The same com pound was a ls o  e x a m in e d  
b y  G s h le n  ( d e h le n 's  #71 gem. i c i r n . f i r  d ie  G hem ie , I R I 9 . 8 . 
4 6 2 -4 6 9 . )  a n d  Lumas ( A n n a l ,  de G h im .  e t  P n y s . 1 8 3 3 . 2 n d .  
S e r ie s ,  6 2 .  4 00  .) .
W h i l s t  c a r r y in g  o u t a s tu d y  on F re n c h  o i l  o f  t u r ­
p e n t in e ,  B io t  f i r s t  o b s e rv e d  i t s  r o t a t o r y  p o w e r (M é m o ire s  de 
I 'A c a d .  d e s  S c . I 8 I 7  . p .  1 3 . ) ,  a n d  he c o n t in u e d  h is  r e ­
s e a rc h e s  i n t o  th e  o th e r  e s s e n t i a l  o i l s . F re n c h  o i l  o f  t u r ­
p e n t in e  was show n t o  be la e v o r o t a t o r y ,  a n d  a num ber o f  y e a rs  
l a t e r  A m e r ic a n  o i l  o f  t u r p e n t in e  was show n t o  be  d e x t r o ­
r o t a t o r y .  The r o t a t i o n  o f  th e  l a t t e r  o i l  v/as c o n f ir m e d  b y  
P e r e i r a  a n d  G r ib o u r t ,  a nd  P e r e i r a  in t r o d u c e d  th e  te rm s  
" la e v o g y r a t e "  a n d  " d e x t r o g y r a te "  (P h a rm . J o u r n . 1 8 5 4 . 5 .  7 0 . )
The f i r s t  e le m e n ta ry  a n a ly s is  o f  o i l  o f  t u r p e n t in e  
was made b y  H o u t t o n - L a b i l l i a r c l i e r e  ( j o u r n .  de P h a rm . I 8 I 8 . 4 .  
5 .  ) who fo u n d  th e  r a t i o  o f  c a rb o n  t o  h y d ro g e n  t o  be  5 t o  8 . 
These  r e s u l t s  w e re  c o n f irm e d  hy  l a t e r  w o rk e r s ,  a n d  Pumas
4 .
p o in t e d  o u t  t h a t  e s s e n c e  o f  le m o n  n a u  tn e  same c o m p o s it io n  
( A n n .  1 8 3 3 . 6 . 2 4 5 .)  . I t  has  a l r e a d y  b e e n  m e n t io n e d  t n a t  
F re n c h  o i l  o f  t u r p e n t in e  was fo u n d  t o  be  la e v o r o t a t o r y ,  and  
th e  A m e r ic a n  v a r i e t y  t o  be d e x t r o r o t a t o r y .  B e r t h e lo t  ( 001143t .  
r e n d .  I 8 6 2 .  5 5 .  496  and  5 4 4 . ) nam ed th e  la e v o r o t a t o r y  h y d ro ­
c a rb o n  " t e r e b e n t e n e ” and  th e  d e x t r o r o t a t o r y  one " a u s t r a le n e " . 
W a l la c h  ( A n n . I 8 8 5 .  2 2 7 . 3 0 0 . ; 1907 . 356 . 227 .) s u g g e s te d  
th e  name o C -p in e n e  f o r  b o th  m o d i f j . c a t io n s ,  and  d i f f e r e n t i a t e d  
th e  tw o  as l - o ( - p in e n e  and  d - o [ - p in e n e .
The c h e m is t r y  o f  th e  te rp e n e s  a n d  e s p e c ia l l y  o f  
p in e n e  r e c e iv e d  a new  im p e tu s  when T i l  den a nd  S u e n s to n e  
p r e p a re d  th e  n i t r o s o c h lo r id e s  ( J . C . S .  1877 . P .  554 . )  and  
f r o m  a s tu d y  o f  th e s e  compounds T i ld e n  c l a s s i f i e d  tn e  th e n  
know n te rp e n e s  i n t o  th r e e  g ro u p s  ( J . C . S .  T r a n s .  1878 . 3 3 .
8 4 . )  . P in e n e  n i t r o s o c h lo r id e  h a s  been  l a r g e l y  u s e d  as  a 
means o f  p r e p a r in g  p u re  ( \ - p in e n e  ( W a l la c t i ,  A n n . 1 8 8 8 . 2 4 5 . 
2 5 1 .  ; 1 8 8 9 . 2 5 3 .  2 5 1 . : B a e y e r ,  B e r . 1 8 9 5 . 2 8 ,6 4 8 .  :
K re m e rs , P h a rm . R u n d s h . (New Y o r k . )  1 8 9 5 . 1 3 .  1 3 5 . : H e n d e r­
son  a n d  G ra y ,  J .C .S .  1 9 0 3 . 8 3 .  1 2 9 9 . : T i ld e n ,  J . C . S .  1 9 0 4 .
85 . 759 .) .
P u re  o i l  o f  t u r p e n t in e  f r o m  F re n c h  a n d  A m e r ic a n  
t u r p e n t in e s  may be re g a rd e d  as p r a c t i c a l l y  p u re  o ( - p in e n e .
I t  h a s  bee n  fo u n d  t h a t  o i l  o f  t u r p e n t in e  f r o m  th e s e  s o u rc e s ,  
h o w e v e r ,  does c o n ta in  a s m a ll  am ount o f  a n o th e r  t e r p e n e .  T h is  
f a c t  was f i r s t  r e c o g n is e d  b y  B a e y e r ( B e r .  1 8 9 6 . 29 . 2 5 . )  who
5 .
c a r r i e d  o u t  th e  o x id a t io n  o f  F r e n c i i  o i l  o f  t u r p e n t in e  w i t h  
c o n c e n t r a te d  p e rm a n g a n a te  s o l u t i o n .  Among th e  p r o d u c ts  he 
fo u n d  tn e  s p a r in g ly  s o lu b le  s o d iu m  s a l t  o f  an a c id  ( m .p . 
I 2 5 ° 0 . )  is o m e r ic  w i t h  p in o n io  a c id ,  • T h is  a c i d  he
nam ed n o p in i c  a c id ,  a n d  s t a t e d  t h a t  i n  a l l  p r o b a b i l i t y  I t  
was fo rm e d  f r o m  a te r p e n e ,  nam ed b y  h im  " n o p in e n e  " ,  p r e s e n t  
i n  th e  o i l  o f  t u r p e n t in e ,  S e u n ile r  d u r in g  h i s  i n v e s t i g a t i o n s  
nam ed th e  same h y d ro c a rb o n  " p s e u d o p in e n e  " ( B e r .  1 9 0 0 . 3 5 .  
1 4 5 8 . ) .  I t  s h o u ld  be n o te d  t n a t ,  a l th o u g h  t h i s  h y d ro c s .rb o n  
i s  p r e s e n t  i n  o n ly  s m a l l  am oun ts i n  th e  o i l s  o f  t u r p e n t in e ,  
i t  i s ,  n e v e r t h e le s s ,  r e a d i l y  i d e n t i f i e d  as th e  s o d iu m  s a l t  
o f  th e  a c i d  i t  g iv e s  on o x id a t io n  w i t h  p e rm a n g a n a te , s in c e  
t h i s  s a l t  i s  o n ly  s l i g h t l y  s o lu b le  i n  w a te r ,  a n d  c r y s t a l l i s e s  
o u t  when th e  r e a c t io n  m ix tu r e  i s  c o o le d .  A h ls t r o m  a n d  A sch an  
( B e r .  1 9 0 6 . 3 9 .  1 4 4 5 .)  s t u d ie d  tn e  y i e l d s  o f  s o d iu m  n o p in a te  
o b ta in e d  b y  o x i d i s i n g  d i f f e r e n t  f r a c t i o n s  o f  A m e r ic a n  o i l  o f  
t u r p e n t in e  . Tney g iv e  r e s u l t s  s h o w in g  t h a t  a b o u t  f i f t e e n  
t im e s  th e  y i e l d  i s  o b ta in e d  f r o m  th e  h ig h e r  b o i l i n g  f r a c t i o n s  
a s  f r o m  th e  lo w e r  f r a c t i o n s ,  a n d  t n a t  tn e  g r e a t e s t  y i e l d  i s  
f r o m  th e  f r a c t i o n  o f  b . p .  I 6 2 * - I 6 3 ° 0 .  L a t e r  W a lla c h  gave  t n i s  
h y d ro c a rb o n  th e  name 6  - p in e n e  t o  d i s t i n g u i s h  i t  f r o m c c - p in e n e  
( A n n . 1907 . 357 . 50 . ) .
I t  was n o t ,  h o w e v e r, u n t i l  W a lla c h  n a d  s u c c e s s ­
f u l l y  a c c o m p lis n e d  th e  s y n th e s is  o f - p i n e n e  ( A n n .  1 9 0 8 . 5 6 5 . 
I - I 9 . ) ,  and  a f t e r  G i ld e m e is te r  a nd  h o e n ie r  h a d  i s o l a t e d  i t
6 .
i n  a f a i r l y  p u re  c o n a i t io n  f ro m  h y s s o p  o i l  ( R e p o r t  o f  
S c h im e l  & O o . 1 9 0 8 . A p r i l .  5 8 .  ; W a lla c h  f e s t s c n r i f t ,  
G o t t in g e n .  1 9 0 9 . 414  a n d  4 1 7 . ) ,  t h a t  i t  c o u ld  be  c o n c lu s i v e ly  
Shown t h a t  t n i s  new h y d ro c a rb o n  i s  c o n ta in e d  i n  th e  f r a c t i o n  
o f  b . p .  1629 0 . - 1 6 5 * 0 .  o f  o i l  o f  t u r p e n t i n e .
I t  h a s  s in c e  b e e n  fo u n d  t n a t ^ - p i n e n e  i s  con ­
t a in e d  i n  o th e r  e s s e n t i a l  o i l s ,  a n d  t h a t  i t  a lw a y s  o c c u rs  
t h e r e in  a lo n g  w i t h  - p in e n e . i t s  p re s e n c e  h a s  b e e n  p r o v e d  i n  
o i l  o f  le m o n  ( n d ld e m e is te r  and k u i i e r ,  W a lla c h  F e s t s c h r i f t ,  
G o t t in g e n ,  1 9 0 9 . 4 8 . ) ,  and  i n  c u m in  o i l  ( R e p o r t  o f  S c iiim m e l 
& O o. O c t .  1 9 0 9 . 4 9 . ) ,  and  i n  c o r ia n u .e r  o i l  ( l o c . c i t .  4 8 . )  .
I t  i s  p r o b a b le  t h a t  i t  w i l l  a ls o  be  fo u n d  t o  o c c u r  i n  o th e r  
e s s e n t i a l  o i l s .
The a c c e p te d  c o n s t i t u t i o n a l  f o r m u la  f o r  o ( -p in e n e
i s : -
OH
HO
OH ) .0 .OH:
OH
OH
The f o r m u la ,  p ro p o s e d  b y  Semmler ( l o o .  c i t . )  f o r  h i s  p s e u d o ­
p in e n e ,  a n d  a c c e p te d  b y  W a lla c h  f o r  ^ - p in e n e ,  snow s th e  
l a t t e r  t o  be a m e th y le n e  d e r i v a t i v e  .
7 .





B y th e  o x id a t io n  o f  th e  f r a c t i o n  b . p .  I B 0 ° - I 7 0 “ 0 .  o f  Am er­
ic a n  o i l  o f  t u r p e n t in e ,  W a lla c h  p r e p a r e d  n o p in i c  a c id ,  w h ic h  
was i s o l a t e d  as  th e  s o d iu m  s a l t  ( A n n .  1 9 0 7 . 3 5 6 . 2 2 7 -2 3 8 . )  . 
F re e  n o p in i c  a c id  has a m .p .  1 2 6 ° 0 .
B y  f u r t h e r  o x id a t io n  i n  a c id  p e rm a n g a n a te  s o l u t i o n  n o p in ic  
a c i d  ( I . )  can  be  c o n v e r te d  i n t o  n o p in o n e  ( 2 . )  . T h is  s u b s ta n c e  
i s  a k e to n e ,  w h ic h ,  i n  th e  h a n d s  o f  W a lla c h ,  p r o v e d  th e  





( I . )
OH3 . 0  .CH3
8 .
Tne f i r s t  s te p  was th e  i n t e r a c t i o n  o f  n o p in o n e  w i t h  z n .  a n d  
b r o m a o e t lo  e t h y l  e s t e r  (A n n .  1907 . 3 5 7 . 5 0 - 5 5 . ) ,  a n d  on 
d e c o m p o s in g  th e  in t e r m e d ia r y  p r o d u c t  w i t h  w a te r  th e  e t h y l  
e s t e r  o f  n o p in o l  a c e t i c  a c id  ( 5 . )  was fo r m e d . T h is  was th e n  
h e a te d  w i t h  KHSO^ f o r  tw o  h o u rs  a t  I 5 0 '- I G 0 ° G .  when H^O was 
s p l i t  o f f  g i v i n g  an  u n s a tu r a te d  e t h y l  e s t e r  ( 4 . )
C^OH
OH
C H ,.C .C H ,
H^O'
OH
( 5 . )




( 4 . )
On h y d r o l y s is  th e  f r e e  a c id  was o b ta in e d ,  a n d  when t h i s  was 
d i s t i l l e d  0 0 ^̂  was s p l i t  o f f  and  a h y d ro c a rb o n ,  r e s u l t ­
e d .
I t  was p r o v e d  l a t e r  t h a t  t h i s  h y d ro c a rb o n  was L - d - fe n c h e n e ,
( A n n . 1 9 0 8 . 3 6 3 . 3 . ) ,  and  n o t ^  - p in e n e ,  w h ic h  w a l la c h  s o u g h t 
t o  o b t a in ,  a n d  w h ic h  he c o n s id e re d  th e  s y n th e s is e d  h y d ro ­
c a rb o n  a t  f i r s t  t o  b e . ( A n n .  1907 . 357 . 5 3 . )  .
On c a r e f u l l y  r e g u la t i n g  th e  f o r e g o in g  e x p e r im e n ts ,  W a lla c h  








( 5 . )
On h e a t in g  t h i s  a c id  w i t h  a c e t i c  a n h y d r id e ,  tw o  o t h e r  a c id s  
w e re  o b t a in e d .  One o f  th e s e  was so  u n s t a b le  t h a t  i t  immed­
i a t e l y  b ro k e  u p ,  g i v in g  o f f  0 0^ , a n d  f o r . i i n g  a h y d ro c a rb o n  
w h ic h  was p ro v e d  t o  b e /?- p in e n e . The s e c o n d  a c id  on d i s t i l l ­
a t i o n  s p l i t  o f f  CO^ a n d  gave fe n c h e n e .
W a lla c h  g iv e s  th e  f o l l o w in g  schem e, a n d  s t a t e s  t h a t  he con­
s id e r s  ^ - p in e n e  t o  be an  in t e r m e d ia r y  s ta g e  i n  th e  fo r m a t io n  



















fe n c h e n e .
10 .
By th e  c a r e f u l  o x id a t io n ,  i n  a l k a l i n e  p e rm a n g a n a te  s o l u t i o n ,  
o f  h i s  s y n t h e t i c a l  ^ - p in e n e  w a l la c h  o b ta in e d  - p in e n e  g l y c o l  







T h is  s u b s ta n c e  he fo u n d  t o  be a c r y s t a l l i n e  com pound o f
m .p .  7 5 °-7 7 ?  0 .
On r e d u c in g  n o p in o n e , W a lla c h  o b ta in e d  tn e  c o r r e s p o n d in g  





n o p in o n e .
OHOH
O H i.C .O H
OHH^C
OH
n o p in o l
W ith  th e  a id  o f  th e  G r ig n a r d  r e a c t io n  he  c o n v e r te d  n o p in o l
m
i n t o  p in e n e  h y d r a te  (A n n .  1907 . 3 5 6 . 339 . ) ,  and  f ro m  th e
I I .
l a t t e r  he p r e p a r e d  th e  t r u e  p in e n e  h y d r o c h lo r id e  ( A n n .  1 9 0 8 . 















P in e n e  h y d r o c h lo r id e .
W a lla c h  d i s s o lv e d ^ - p in e n e  i n  d r y  e t h e r ,  a n d  s a t u r a te d  
th e  s o l u t i o n  w i t h  d r y  h y d ro g e n  c h lo r i d e ,  when he o b ta in e d  
a m ix t u r e  o f  b o r n y l c h lo r i d e  and  d ip e n te n e  d ih y d r o c h lo r id e ,
OH.
OlHO
OH, .0  .OH
OH







OH 3 . 0  0 1 .0 %
D ip e n te n e  h y d r o c h lo r id e ,  
s o lu t i o n  o f  (3 - p in e n e  i n  g l a c i a l  a c e t i c  a c id  gave  s i m i l a r
1 2 .
r e s u l t s  ( A n n .  1 9 0 8 . 3 8 3 .  1 5 . ) .
I t  w i l l  th u s  be  seen  t n a t  |B -p in e n e  g iv e s  tn e  same 
p r o d u c ts  w i t h  h y d ro g e n  o n io r id e  as - p in e n e  d o e s .  P a r i s e l l e  
(O o m p t.  r e n d .  I 9 2 1 . 1 7 2 . 1 4 9 6 .)  snow s t h a t  h y d ro g e n  b ro m id e  
a ls o  g iv e s  th e  same p r o d u c ts  w i t h  f - p i n e n e  as w i t h o t - p in e n e .  
I t  h as  lo n g  b e e n  know n t h a t  w hen c h ro m y l c h lo r id e  i s  a d d e d  
t o  a n y  o f  th e  te rp e n e  h y d ro c a rb o n s ,  d is s o lv e d  i n  an a n n y d ro u s  
s o l v e n t ,  a s o l i d  a d d i t io n  p r o d u c t  i s  f o r m e d . wnen t h i s  
oong)ound i s  decom posed b y  w a te r  a num ber o f  o x id a t io n  p r o ­
d u c ts  r e s u l t .  H e n d e rso n  a nd  G ra y  ( J . C . S .  1 9 0 5 . 8 3 .  1 2 9 9 .)  
a n d  H e n d e rs o n  a n d  H e i lb r o n  ( i b i d .  1 9 0 8 . 9 3 .  2 8 8 .)  o b ta in e d  
b y  t h i s  m e th o d  a s o l i d  a d d i t io n  p r o d u c t  f r o m  d - p in e n e ,  and  
b y  th e  d e c o m p o s it io n  o f  t n i s  com pound w i t n  w a te r  s e v e r a l  
o x id a t io n  p r o d u c ts  w e re  s e c u re d ,  i f  we assume t n a t  i t  be 
p o s s ib le  t o  o b t a in  th e  same a d d i t i o n  p r o d u c t  f ro m  P - p in e n e ,  - 
as f r o m ( \ - p in e n e ,  b y  tn e  a c t io n  o f  c h ro m y l c h lo r i d e ,  i t  
w o u ld  be e x p e c te d  t h a t  tn e  same s e r ie s  o f  o x id a t io n  p r o d u c ts  
w o u ld  r e s u l t .  One p o r t io n  o f  t i ie  p r e s e n t  w o rk  snows now f a r  
t h i s  a s s u m p t io n  i s  j u s t i f i e d .
B t a r d  f i r s t  n o te d  tn e  a c t io n  o f  o f iro m y l c n lo r ia e  
on th e  te rp e n e  h y d ro c a rb o n s ,  a n d  b y  th e  d e c o m p o s it io n  o f  tn e  
ca n p h e n e  com pound w i t h  w a te r  ne o b ta in e d  an a ld e h y d e  and  an 
a c id  (C o m p t.  r e n d .  1 8 9 3 . 1 1 6 . 4 3 4 .)  . B r e d t  a nd  j a g e l k i  (A n n .  
1 8 9 9 , 3 1 0 . 1 1 2 .)  r e p e a te d  E t a r d ’ s e x p e r im e n ts  w i t h  oam phene, 
a n d  th e y  gave  th e  name c a m p h e n ila n ic  a ld e h y d e  t o  th e  a ld e n y de
1 5 .
a n d  c a m p i ie n i la n ic  a c id  t o  th e  a c id  p r o d r i c t . B o u v e a u lt  ( B a l l ,  
s e e .  c h ira .  1900 . 3 5 .  I I I .  5 5 5 . ) ,  i n  th e  l i g h t  o f  W a g n e r 's  
new  fo r m u la  f o r  oamphene ( j o u r n .  r u a s .  P n y s .  cnem . G as . 1899 
31 . 6 3 0 . )  a s s ig n e d  tn e  f o l l o w in g  fo r m u la  t o  c a m p ix e n iia n ic  





P rom  c a m p n e n ila n ic  a c id  B re d t  a n d  j a g e l k i  o b ta in e d  a n  h y d r o -  
x y c a m p h e n ila n ie  a c id  w n ic h  was i d e n t i c a l  w i t h  tn e  c a n ip h e n y lic  
a c id  o f  W agner ( i b i d .  1 8 9 6 . 2 8 .  6 4 .  ; 1897 . 2 9 .  134 .) . B c tn  
a c id s  on o x id a t io n  g iv e  c a n p h e n ilo n e  (W a g n e r, l o o .  c i t .  ; 
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C a m p n e n y ii c a c i a . Oampjienij-Oxie • C a iü p i ie i i i la n ic  a c i d .
1 4 .
H e n d e rs o n  ana  G ra y  ( l o c .  c i t . )  d is s o lv e d  o ( -p in e n e  
i n  10 v o lu m e s  o f  p u re  d r y  c a rb o n  d i  s n ip  n i  de and  s lo v /13  ̂ add ed  
a 1 0 ^  s o l u t i o n  o f  C rO ^C l^  i n  tn e  same s o l v e n t .  Tne s o l i d  
a d d i t i o n  p ro d u .e t was p r e c i p i t a t e d ,  and  a f t e r  b e in g  a l lo w e d  
t o  s e t t l e ,  tn e  c a rb o n  d is u d p n id e  was d e c a n te d  o f f .  Tne s o l i d  
com pound was th e n  s n a k e n  up w i t h  i c e  c o ld  w a t e r .  The o i l  th u s  
o b ta in e d  was s e p a ra te d  and  s te a m  d i s t i l l e d .  P rom  th e  p u r i f i e d  
o i l  th e  f o l l o w i n g  p r o d u c ts  w e re  i s o l a t e d ! -  
a / .  A s a t u r a te d  a ld e h y d e  -  C^H,j-.CHO.
m .p .  3 3 * 0 .
b . p .  2 0 5 -2 0 7 ^ 0 /7 5 5  mm.
S e m ic a rb a z o n e  m .p . 1 9 1 * 0 .
On e x p o s u re  t o  th e  a i r  th e  a ld e h y d e  p a s s e d  o v e r  
i n t o  th e  c o r re s p o n d in g  a c id  -  CcjH/^.COOH. 
m .p .  1 1 7 * 0 .  
b / . An u n s a tu r a te d  k e to n e  -  O^H^O.
L i q u i d .
b . p .  2 0 9 -2 1 0 ? c/ 7 5 7  mm.
S e m ic a rb a z o n e  m .p .  2 2 6 - 2 2 8 * 0 . ,  w i t h  decom ­
p o s i t i o n  .
0/  . A c h i  o r  0- com pound -  C^^H,j.0Cl.
m .p .  168? 0 .
T h is  s u b s ta n c e  was a c o lo u r le s s  c r y s t a l l i n e  s o l i d  
w h ic h  gave  n o  o x im e , no  s e m ic a rb a z o n e , a n d  was 
i n e r t  to w a rd s  m ost r e a g e n ts .
15 .
i n  a l a t e r  i n v e s t i g a t i o n  Henderson a n d  H e i lb r o n  ( l o c .  c i t . )  
p r e p a r e d  f r o m  tn e  a c id  ( m .p .  i i 7 * 0 . )  tn e  f c i i o v / i n g : -  
a /  . Tne a c id  ch lo ride  -  C^H|^.*C0C1.
b . p .  I5 0 *C  . / 5O mm. 
b / . A c r y s t a l l i n e  b r o m o -a c id  -  H,^Br .COOH.
0/  . The h y d r o x y a c ld  -  O^H^^OH.OOOH.
m .p  . 227° C .
The N a - s a l t  o f  t n i s  a c id  i s  s p a r in g ly  s o lu b le  I n  
w a t e r .
As b y e - p r o d u c ts  th e y  o b ta in e d : -
A b ro m o -co m p o u n d  -  O^^H^^OBr • 
m . p . 1 7 3 * 0 .
T h is  com pound was fo u n d  t o  be  n e u t r a l .
A s m a ll  q u a n t i t y  o f  a n o th e r  a c id  - O H  .OOOH.Cj li
m .p .  1 4 4 °C .
By r e d u c t io n  o f  th e  k e to n e  -  0^ H O -  th e y  o b ta in e d  an un­
s a t u r a t e d  a lc o h o l  -  C H ,^ H .
b . p .  1 4 7 ^ 1 4 8 -C . / 9 0  mm.
P n e n y lu re  t  hane m .p . 9 6 * 0 .
A c id  p h t h a ia t e  m .p . i0 7 °  C .
B y  t r e a tm e n t  o f  th e  c h i  o r  0- com pound -  C^^H^^OCl -  w i t h  s o d iu m  
e t h o x id e  i n  b o i l i n g  a lc o h o l  s o l u t i o n ,  a  c o lo u r le s s  c r y s t a l ­
l i n e  s u b s ta n c e  was u l t i m a t e l y  s e c u re d .  T h is  congpound was f r e e  
f r o m  c h lo r i n e ,  n a d  an o d o u r s im i l a r  t o  t h a t  o f  c a m p h o r, and  
gave  a m .p .  1 6 5 * 0 .
16 .
When ^ - p in e n e  was t r e a t e d  w i t h  c r r o m y i  c n lo r i d e  
i n  tn e  same m anne r as  oi - p in e n e ,  a s i m i l a r  o i l  was o b ta in e d  
b y  d e c o m p o s in g  tn e  s o l i d  a d d i t i o n  p r o d u c t  v / i t h  w a t e r .
On e x a m in a t io n  t h i s  o i l  was fo u n d  t o  c o n ta in
a /  . A v e r y  s m a l l  q u a n t i t y  o f  a n  a ld e h y d e  o r  m ix tu r e
o f  a ld e h y d e s .  The s o d iu m  b i s u l p h i t e  con jpound was 
d e co m p o se d , and  th e  r e s u l t i n g  o i l  t r e a t e d  w i t h  
s e m ic a rb a z id e  a c e t a t e .  On p u r i f i c a t i o n  o f  th e  sem i­
c a rb a z o n e ,  s m a l l  v h i i t e  n o d u le s  w e re  o b ta in e d ,  w h ic h  
b e g a n  t o  s o f te n  a t  5 0 * 0 .  a n d  c o m p le te ly  l i q u i f i e d  
a t  5 0 ? C . I t  w o u ld  a p p e a r n i g n i y  p r o b a b le  t h a t  th e  ' 
o i l  c o n s is te d  o f  a m ix tu r e  o f  tw o  a ld e h y d e s .  An 
a t te x .p t  t o  s c p a ia te  tn e  sem i c a r  b a s  ones b y  f r a c t i o n ­
a l  c r y s t a l l i s a t i o n  f ro m  h o t  m e tn y l a lc o h o l  f a i l e d  
o w in g  to  tn e  s m a l l  q u a n t i t y  a v a i la b le  . 
b / . The m a in  p r o d u c t  was a k e to n e ,  i s o la t e d  as  tn e
s e m ic a rb a z o n e  . The l a t t e r , a f t e r  p u r l l i c a t i o n ,  gave  
m .p . 225?C .
a n d  When m ix e d  w i t h  th e  s e m ic a rb a z o n e  o f  th e  
k e to n e  o b ta in e d  f r o m d - p in e n e ,  snow ed n o  lo w e r in g  
o f  th e  m e l t in g  p o i n t .  Tne k e to n e  o b ta in e d  f ro m  
^ - p in e n e  was th u s  snown to  b e  i d e n t i c a l  w i t n  t h a t  
f r o m  o C -p in e n e , i . e .  i t  i s  th e  k e to n e
A la r g e  num ber o f  r e c r y s t a l l i s a t i o n s  f ro m  h o t
‘Z -
17 .
m e th y l a lc o h o l  u l t i m a t e l y  gave th e  s e m ic a rb a z o n e  
i n  th e  fo r m  o f  d e l i c a t e ,  c o l o u i l e s s , n e e d le -s n a p e d  
c r y s t a l s ,  w n ic n  w e re  fo u n d  t o  n a v e  a 
m .p .  2 3 2 °C .
and d e c o # 3 0 8 in g  a t  th e  same te m p e r a t  u i e . F rom  th e  
s e m ic a rb a z o n e  th e  f r e e  k e to n e  was p r é p a r é e ,  i t s  
p r o p e r t ie s  w e re  th e  same as th e  p r o p e r t ie s  o f  tn e  
k e to n e  o b ta in e d  b y  H e n d e rs o n  a nd  G ray  ( l o c .  c i t . )  . 
A s m a l l  am oun t o f  a v o l a t i l e  n e u t r a l  p r o d u c t  
m .p .  125? C .
A n a ly s is  gave  th e  f o r m u la : -
I t  i s  shown t n a t  t h i s  com pound i s  i d e n t i c a l  w i t h  
th e  t r a n s - i n a c t i v e  fo r m  o f  p i n o l - g l y c o l  d e s c r ib e d  







P i n o l - g l y c o l .
Ko t r a c e  w h a te v e r  o f  a n y  c  h i  o r  o -  oo im  oun ci, c o r r e s ­
p o n d in g  t o  th e  s u b s ta n c e  -  0,^11,^001 -  o b ta in e d  f r o m  
^ - p in e n e ,  was o b s e rv e d .
I t  w i l l  be s e e n , t h e r e f o r e ,  t h a t ,  w h i le  (G -p in e n e , so  f a r  as  
th e  m a in  p r o d u c t  o f  tn e  r e a c t io n  w i t ix  Gxnr-omyl c i i l o r i d e  i s  . 
c o n c e rn e d , does  g iv e  r i s e  to  th e  same k e to n e  as < - p in e n e ,  
a l l  th e  s u b s id ia r y  p r o d u c ts  show m a rk e d  d i f f e r e n c e s . W ith  
- p in e n e ,  a ls o ,  i t  was fo u n d  t h a t  th e  y i e l d  o f  k e to n e  in  
c o m p a r is o n  t o  th e  t o t a l  y i e l d  o f  o x id a t io n  p r o d u c ts  was 
g r e a t e r  tn a n  i n  th e  case o f  4 - p in e n e .
I t  i s  re m a rk a b le  t ix a t  t h i s  k e to n e  -  0. H ,0  -  f i r s t  
p r e p a re d  i n  1903 f r o m  c ( -p in e n e  , s t i l l  r e m a in s  u n i d e n t i f i e d .  
When one c o n s id e r s  tn e  ease w i t h  w i i ic n  th e  p in e n e s ,  on t r e a t ­
m en t w i t h  v a r io u s  r e a g e n ts ,  g iv e  r i s e  t o  d e r i v a t i v e s  o f  
b o r n e o l ,  cam phene, o r  e ve n  fe n c h e n e , i t  w i l l  be seen  t n a t  
s p e c u la t io n  as t o  tn e  c o n s t i t u t i o n  o f  t h i s  k e to n e  i s  n e i t h e r  
a d v is a b le  n o r  p r o f i t a b l e .  Tne c h a r a c t e r i s t i c s  o f  t h i s  k e to n e  
c e r t a i n l y  do n o t  a g re e  w i t h  th o s e  o f  n o p in o n e ,  a n y  o f  th e  
know n is o p r o p y lc y c lo h e x e n o n e s , camphen i lo n e ,  fe n c h o c a m p n o ro n e  
ca m p h o ro n e , p in o p n o ro n e ,  n o r  is o c a m p h o ro n e  . S im i la r  u n c e r ­
t a i n t y  e x i s t s  w i t h  r e g a r d  t o  t h e  a lc o h o l  -  G,.Hĵ Oh  -  o b ta in e d  
f r o m  t h i s  k e to n e  b y  r e d u c t io n .
1 9 .
I t  n a s  b e e n  show n t h a t  vvhen cX .-p inene  i s  o x id is e d  
w i t h  h y d ro g e n  p e r o x id e  i n  g l a c i a l  a c e t i c  a c id  s o l u t i o n ,  s e v ­
e r a l  p r o d u c ts  a re  o b ta in e d  (H e n d e rs o n  a n d  S u th e r la n d ,  J .C .S .  
I 9 I 2 . l O l . 2 2 8 8 -2 2 9 5 .)  . The m o s t I m p o r ta n t  o f  th e s e  a r e  th r e e  
i n  num be r : -
a / . B o r n e o l .
b / . o C - T e r p in e o l .
c /  . 1 : 4 : 8- T r ih y d r  o xy n ie n tn a n e  .
^ - p in e n e , p n d e r  e x a c t ly  s im i l a r  c o n d i t io n s ,  was o x id is e d  w i t h  
nyoxogen  p e r o x iu e  oo f in u .  o u t w i io t i ie r  tu e  sam e, o r  a n a lo g o u s  
com pounds a re  p r o d u c e d ,  i n  t h i s  ca se  th r e e  p r o d u c ts  w e re  a ls o  
o b ta in e d ,  a nd  th e s e  a re  shown t o  b e l ­
ay . B o r n e o l.  
b / .  F e n c h y l a l c o h o l ,  
c / . A p o iy h y d ro x y -c o m p o u n d  w h ic h  i s
p r o b a b ly  2 : 8 : 9 - T r ih y d ro x y m e n th a n e . 
The b o r n e o l was i s o la t e d  ana i d e n t i f i e d  as  tn e  p - n i t r o -  
b e n z o a te : -
m .p .  13 7 - 0 .
I t  was o b s e rv e d  t n a t  f e n c n y l  a lc o n o l  d i d  n o t  r e a c t  so  r e a d i l y  
w i t h  p - n i t r o b e n z o y l  c h lo r id e  as b o r n e o l d id ,  a n d  t h i s  p r o ­
p e r t y  was u t i l i s e d  t o  s e p a ra te  tn e  tw o  a l c o u o i s . I t  i s  i n t e r ­
e s t i n g  t o  n o te  t h a t  W a ila c h  ( H a c i i r .  k .  C e s . W is e .  G o t t in g e n ,  
1905 6 - 1 2 . )  s e p a ra te d  fe n c h o n e  f r o n  cam phor b y  a c t in g  on a 
m ix tu r e  o f  th e  tw o  w i t h  s e m ic a rb a z id e ,  v/nen tn e  cam phor
8 0 .
fo rm e d  a s e m ic a rb a z o n e , and  tn e  fe n c n o n e  d id  n o t  r e a c t .
The f e n c n y l  a lc o n o l ,  a f t e r  re m o v a l o f  tn e  b o r n e o l 
p - n l t r o b e n z o a t e ,  v/as d i s t i l l e d  i n  a c u r r e n t  o f  s te a m , and  
was o b ta in e d  as a w axy s o l i d
m .p .  4 0 '0 .
Some fe n c h y l  a lc o h o l  was p r e p a re d  b y  r e d u c in g  fe n c n o n e . Tne 
f e n c h y l  a lc o h o l  so  o b ta in e d  was fo u n d  t o  h a ve  : -
m .p .  41? 0 .
On m ix in g  th e  tw o  no  lo w e r in g  o f  th e  m e l t in g  p o in t  was o b s e r­
v e d .  I t  i s ,  t h e r e f o r e ,  e v id e n t  t n a t  f e n c h y l  a lc o h o l  was one 
o f  th e  p r o d u c t s .
d C -P ln e n e .
HOH
O H t.q  .CH,
B o r n e o l .
0 H . ;0 .0 H j
c?e-Terpineol.
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|3 -P in e n e .
CHOH
CH^.O .CH^
B o r n e o l .
CH .O.OH
CHOH
C H . . 0 .CHj
'CH.
F e n c n y l A lc o n o l
Tn c o n n e c t io n  w i t h  tn e  f o r m a t io n  o f  f e n c n y l  a l c o i i o l  f r o m  
^ - p in e n e ,  i t  has a l r e a d y  been p o in t e d  o u t  t h a t  W a lla o n  s y n ­
t h e s is e d  - p in e n e  and  fe n c h e n e  s im u l ta n e o u s ly  f ro m  n o p in o l  
a c e t i c  a c i d .  B o u c n a rd a t and L a fo n t  (C o m p t.  r e n d .  1 8 9 8 . 1 2 6 . 
7 5 6 .)  o b ta in e d  f e n c n y l  a lc o n o l  b y  th e  a c t io n  o f  m in e r a l  a c id s  
on la e v o  o i l  o f  t u r p e n t in e .  B a r b ie r  and  G r ig n a r d  ( B u l l .  s e c .  
c i i im .  1 9 0 9 . 4 .  ( 5 ) .  5 1 2 .  5 1 9 .)  s t a t e  t h a t  f e n c h y l  a lc o n o l  
r e s u l t s  t o g e th e r  w i t h  o th e r  a lc o n o ls  when F re n c h  o i l  o f  t u r ­
p e n t in e  i s  h y d r a te d .  These in v e s t i g a t o r s  assume t n a t  i t  i s
2 8 .
fo rm e d  f r o m  th e  3 - p in e n e  p r e s e n t  i n  th e  o i l  o f  t u r p e n t in e .
Tne b o r n e o l and  f e n c h y l  a lc o h o l  w e re  o b ta in e d , f r o m  
t h a t  p a r t  o f  tx ie  o x id a t io n  p r o d u c t  w i i ic n  d i s t i l l e d  i n  a c u r ­
r e n t  o f  s te a m . The n o n - v o la t i l e  p o r t i o n ,  w i l l  on  a p p e a re d  t o  
c o n s is t  m o s t ly  o f  r e s i n ,  was f u r t n e r  e x a m in e d . A s m a l l  quan­
t i t y  o f  a v e r y  v i s c i d ,  c o lo u r le s s  l i q u i d  was u l t i m a t e l y  
s e c u r e d .  T h is  s u b s ta n c e  c o u ld  n o t  be o b ta in e d  i n  a c r y s t a l ­
l i n e  c o n d i t i o n .  I t  decom posed when i t  v/as h e a te d ,  and  a ls o  
w hen i t  was d i s t i l l e d  i n  v a c u o ,  i f  i t  be a t r i - n y d r o x y  com- 
p o u n d , a n a lo g o u s  t o  th e  one p r e p a r e d  f r o m  o ( -p in e n e ,  i t s  p r o ­
p e r t i e s  seem t o  s u g g e s t  t n a t  i t  i s  th e  2 : 8 : 9 - t r lh y d r o x y m e n -  
t i ia n e  d e s c r ib e d  b y  W a lla c n  (A rm .  I 8 9 g .  2 7 5 .  1 5 5 . ; 277 . 151 .
: 1 8 9 4 . 2 7 9 . 3 8 6 .)  and T iem ann and  Sem m ler ( B e r .  1 8 9 5 . 2 8 .  
2 1 4 2 .)  .
An a t te m p t  was made t o  s e c u re  a p - n i t r o b e n z o a t e  
f r o m  t h i s  n o n - v o la t i l e  o x id a t io n  p r o d u c t .  The e s t e r  o b ta in e d  
d id  n o t  g iv e  a d e f in i t e ,  m e l t in g  p o in t * ,  and  t h i s  s u g g e s te d  
t h a t  a m ix tu r e  o f  p - n i t r o b e n z o a te s  n a d  b ee n  fo rm e d .  A con­
s i d e r a t i o n  o f  th e  fo rm u la  a s s ig n e d  t o  2 : 8 : 9 - t r ih y d r o x y m e n -  
tn a n e  show ed  t n a t  s u c h  a m ix tu r e  c o u ld  q u i t e  e a s i l y  o c c u r  
w i t h  t h i s  com pound. I t  w i l l  be se e n  t n a t  t h i s  t r i - n y d r i c  
a lc o h o l  c o n ta in s  a p r im a r y  a lc o n o l  g ro u p ,  a s e c o n d a ry  a lc o ­
h o l  g ro u p ,  and  a t e r t i a r y  a lc o h o l  g ro u p  . E x p e r ie n c e  nas  snown 
t h a t  i t  i s  a m a t te r  o f  e x tre m e  d i f f i c u l t y  t o  o b t a in  a p - n i t r o  
b e n z o a te  x ro m  a t e r t i a r y  a lc o h o l ,  so  t h a t  th e  fo r m a t io n  o f  a
8%.
p o s s ib le  t e r t i a r y  p - n i t r o b e n z o a t e  n e e d  n o t . b e  c o n s id e r e d .
I t  i s  p r o b a b le ,  th e n ,  t n a t  an  e s t e r  c o u ld  be  ic rm e d  a t  e i t h e r  
o f  th e  o th e r  a lc o h o l  g r o u p in g s ,  a n d  som ew hat le s s  l i k e l y  












1 : 4 : 8- T r ih y d ro x y m e n th a n e .
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8 : 8 : 9 - T r ih y d r  oxymen th a n e  .
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A lth o u g h  a la r g e  e x c e s s * o f  p - n i t r o b e n z o y l  c h lo r i d e  
w as u s e d ,  n e v e r t h e le s s ,  a p u re  p r o d u c t  was n o t  o b t a in e d .
T h is  seem ed t o  b e a r  o u t  th e  a s s u m p t io n  t h a t  a m ix tu r e  o f  
m o n o - p - n i t r o b e n z c a te s  h a d  been fo rm e d ,  w i t h  th e  s m a l l  quan­
t i t y  o f  e s t e r s  a v a i l a b le ,  i t  was fo u n d  t o  be im p o s s ib le  t o  
e f f e c t  a s e p a r a t io n  b y  r e p e a te d  r e c r y s t a n i s a t i o n s  f r o m  h o t  
m e th y l  a l c o h o l .  The e n t i r e  y i e l d  o f  t h i s  p o l y h y d r ic  com pound 
was u s e d  up  i n  th e  f o r e g o in g  i n v e s t i g a t i o n ,  a n d  c o n s e q u e n t ly  
a n y  f u r t h e r  w o rk  on i t s  c o n s t i t u t i o n  h a s  h a d  t o  be s u s p e n d e d  
f o r  th e  p r e s e n t .
25  .
P r e p a r a t io n  o f P in e n e .
D u r in g  tn e  c o u rs e  o f  th e  p r e s e n t  w o rk ,  |3 - p in e n e  
was p r e p a re d  f r o m  th re e  d i f f e r e n t  s o u r c e s .  These  d i f f e r e n t  
o i l s  o f  t u r p e n t in e  w e r e : -
P re n c h  o i l  o f  t u r p e n t in e .
A m e ric a n  o i l  o f  t u r p e n t in e .
I n d ia n  o i l  o f  t u r p e n t in e  ( f r o m  P in u s  E x c e lsa  ) 
F re n c h  o i l  o f  t u r p e n t in e  i s  p ro d u c e d  f ro m  th e  p in e  
( P in u s  M a r i t im e  ) g ro w in g  on th e  dunes ( "L a n d e s ” ) o f  s o u th ­
w e s te r n  F ra n c e  . The p h y s ic a l  c o n s ta n ts  o f  a sanqole e x a m in e d  
b y  F l a v i t z k y  ( B e r . 1 8 7 9 . 1 2 . 2 ? 5 ? .)  w e r e : -  
b . p . =  155° 0 .
d^o = 0 .8 5 8 7  .10
oTl —43 .4 '^ w
A m e ric a n  o i l  o f  t u r p e n t in e  i s  p ro d u c e d  i n  tn e  t u r ­
p e n t in e  f o r e s t s  o f  th e  S o u th e rn  S ta te s  o f  U .S .A .  Tne tu r p e n ­
t i n e  i s  p r i n c i p a l l y  o b ta in e d  f r o m  th r e e  s p e c ie s  o f  P in u s : -  
P in u s  P a lu s t r a . M i l l .
P in u s  H e t e r o p h y l l a . E l l .
P in u s  E c h in a ta .  M i l l .
O f th e s e  th e  f i r s t  named i s  b y  f a r  th e  m o s t im p o r t a n t .  As a 
r u l e  A m e r ic a n  o i l  o f  t u r p e n t in e  i s  d e x t r o g y r a te ,  b u t  i t  can  
so m e tim e s  be  fo u n d  la e v o g y r a t e . The B u re a u  o f  C n e m is t r y ,
U .S .  D e p t ,  o f  A g r i c u l t u r e ,  B u l l e t i n  1 4 4 . I 9 i i . p .  2 2 , g iv e s  
th e  f o l l o w in g  ra n g e  o f  p h y s ic a l  'c o n s ta n ts : -
f r o m  0 .8 6 1 7  t o  0 .8 8 8 9  . 
M  f r o m  - 3 4 . 8 -  t o  + 2 9 .6 -^ him?
a.0.
r °Duo°
r. . f r o ^  1 .4 6 8 4  t o  1 . 4 8 1 8 .Dio
The I n d ia n  o i l  o f  t u r p e n t in e  was o b ta in e d  th ro u g h  
t h e  c o u r te s y  o f  th e  B r i t i s h  x y l o n i t e  C o . T h is  o i l  was d is ­
t i l l e d  a t  j a l l o ,  P u n ja b ,  f 'ro m  th e  o ie o r e s in  o f  P in u s  E x c e ls a .  
The  f o l l o w in g  d e t a i l s  r e g a r d in g  I n d ia n  o i l  o f  t u r p e n t in e  f r o m  
P in u s  E x c e ls a  a r e  g iv e n  i n  th e  B u l l e t i n  o f  th e  iB jg c ie r la l 
i n s t i t u t e ,  v o l .  X V . h o .  4 .  O c t . /D e o .  1 9 X 7 . p .  5 6 3 . : -
~ ^ .8 6 2  . 
z=+42°30C
I t  i s  a l s o  s t a te d  t h a t  9 0 ^  o f  t h i s  o i l  d i s t i l s  o v e r  b e tw e e n  
1 5 7 - -1 6 0 * 0  . ,  and  t h a t  t h i s  f r a c t i o n  was fo u n d  t o  be p r a c t i ­
c a l l y  p u re  d - < - p in e n e .
I n  v ie w  o f  th e  r e s u l t s  p u b l is n e d  b y  F a r i s e l l e  
(C o n q p t. r e n d .  T921 . 1 7 2 . 1 4 9 6 . ; A n n . o h im . 1 9 2 3 . ( I X . )  1 9 .  
1 1 9 . )  i t  seemed p r o b a b le  t h a t  F re n c h  o i l  o f  t u r p e n t in e  w o u ld  
p r o v e  t o  be  th e  b e s t  s o u rc e  o f  ( ^ - p in e n e .  A c c o r d in g ly  tw o  
g a l lo n s  o f  F re n c h  o i l  o f  t u r p e n t in e  w e re  p r o c u r e d ,  a nd  a f t e r  
p u r i f i c a t i o n ,  one l i t r e  was s u b m it te d  t o  a t e s t  f r a c t i o n a t i o n  
u s in g  a " Ramsay ” f r a c t i o n a t i n g  co lum n.. A f t e r  a la r g e  num ber 
o f  d i s t i l l a t i o n s ,  c a r r i e d  o u t  a t  a r a t e  o f  70 d ro p s  p e r  m in ­
u t e ,  a v e r y  s m a ll  q u a n t i t y  o f  o i l ,  w i t h  a c o n s ta n t  
b . p .  1 6 3 - -1 6 5 ° C . 
was o b ta in e d .  The t o t a l  y i e l d  o f  f a i r l y  p u re  (3- p in e n e  ,
27 .
d i s t i l l i n g  a t  t h i s  te m p e ra tu r e ,  was fo u n d  t o  b e : -
9 . 5  G .o 's  p e r  1 .000 c . c ’ s o f  o i l  o f  t u r p e n t in e .
T h is  y i e l d ,  com pared  w i t h  tn e  l a r g e  p e r c e n ta g e s  q u o te d  
b y  P a r i s e l l e ,  w as d i s a p p o in t in g ,  i t  i s  t r u e  t h a t  he s e p a ra te d  
th e  / - p i n e n e  b y  f r a c t i o n a l  d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s ­
s u r e ,  u s in g  an  " O t to  " s t i l l - h e a d  w i t h  5 b u lb s ,  w h e re a s  th e  
p r e s e n t  f r a c t i o n a t i o n  was c a r r i e d  c u t  a t  o r d in a r y  a tm o s p h e r ic  
p r e s s u r e s ,  a n d  u s in g  a f r a c t i o n a t i n g  c o lu m n  w h ic h  c o u ld  o n ly  
d e a l w i t h  a s m a l l  q u a n t i t y  o f  l i q u i d  a t  a t im e .  I t  became 
e v id e n t ,  h o w e v e r ,  t h a t  i t  w o u ld  be n e c e s s a ry  t o  d i s t i l  a v e r y  
l a r g e  v o lu m e  o f  o i l  o f  t u r p e n t in e ,  a n d  i t  was d e s i r a b le ,  
t h e r e f o r e ,  t o  f i n d  o u t  tn e  m o s t e f f i c i e n t  fo r m  o f  f r a c t i o n ­
a t in g  c o lu m n  t o  u s e .  H a l f  l i t r e  s a m p le s  o f  E re n c n  o i l  o f  
t u r p e n t in e  w e re  d i s t i l l e d  w i t h  e a ch  o f  th e  f o l l o w i n g  f r a c ­
t i o n a t i n g  c o lu m n s : -
Rod a n d  D is c .
R am say.
H em pe l ( g la s s  b e a d s  ) .
H e irp e l ( L e s s in g ’ s r i n g s  ) .
D u t to n ’ s .
’’ P e a r"  b u lb  co lu m n  -  w i t h  1 2  " P e a r s " .
M o d i f ie d  E v a p o r a to r .
The "R od a nd  D is c "  ty p e  d id  n o t  g iv e  p a r t i c u l a r l y  g o o d  r e ­
s u l t s  i n  th e  s e p a r a t io n  o f  |5>-p inene f ro m  d - p in e n e  . The b o i l ­
in g  p o in t s  o f  th e  tw o  h y d ro c a rb o n s  w e re  p r o b a b ly  to o  c lo s e
2 8 .
t o g e t h e r ,  on th e  one h a n d , a n d  on th e  o t h e r ,  t l ie  te m p e ra tu r e  
o f  th e  v a p o u rs  was to o  h ig h  t o  e n a b le  th e m  t o  be e f f i c i e n t l y  
s e p a r a te d  b y  t h i s  c o lu m n . The " Ramsay " g ave  som ew hat b e t t e r  
r e s u l t s ,  b u t  th e  co lu m n  was to o  n a r ro w ,  a n d  o n ly  a l i m i t e d  
v o lu m e  o f  o i l  o f  t u r p e n t in e  c o u ld  be  d i s t i l l e d  a t  a t im e .
The " H em pe l " f r a c t i o n a t i n g  c o lu m n , f i l l e d  w i t h  g la s s  b e a d s , 
o r  w i t h  L e s s in g ’ s r i n g s ,  c a u s e d  to o  m uch c o n d e n s a t io n  o f  
l i q u i d  i n  th e  c o lu m n , w i t h  th e  r e s u l t  t h a t  th e  l a t t e r  g ra d ­
u a l l y  f i l l e d  w i t h  l i q u i d ,  a nd  d i s t i l l a t i o n  c o u ld  n o t  be  con­
t i n u e d .  W ra p p in g  th e  o u ts id e  o f  tn e  c o lu m n  w i t h  a s b e s to s  
w o o l d id  n o t  im p ro v e  m a t te r s  t o  a n y  g r e a t  e x t e n t .  W ith  
" D u t t o n ’ s ’’ c o lu m n , i t  was fo u n d  t h a t  s e p a r a t io n  c o u ld  n o t  
be e f f e c t e d  u n le s s  th e  r a t e  o f  d i s t i l l a t i o n  w e re  s lo w e d  down 
t o  20 d r o p s  p e r  m in u te ,  o r  t h e r e b y .  T h is  e n t a i l e d  p a c k in g  th e  
o u t s id e  o f  th e  co lu m n  i n  a s b e s to s  w o o l,  a n d  e v e n  th e n  th e  
r a t e  o f  d i s t i l l a t i o n  c o u ld  n o t  be  m a in ta in e d  a t  t h i s  lo w  
v a lu e  f o r  a n y  le n g t h  o f  t im e  w i t h o u t  th e  t o t a l  c e s s a t io n  o f  
d i s t i l l a t i o n ,  i t  was fo u n d  i n  a l l  t n e se e x p e r im e n ts  w i t h  
f r a c t i o n a t i n g  co lu m n s  t h a t  a c o n s ta n t  r a t e  o f  d i s t i l l a t i o n  
le s s  th a n  7 0 -8 0  d ro p s  p e r  m in u te  c o u ld  n o t  be  m a in ta in e d  a t  
th e  te m p e ra tu re s  -  I5 5 ° C .  t o  I 7 0 ° 0 .  -  a t  v /h ic h  th e  f r a c t i o n ­
a t i o n  o f  o i l  o f  t u r p e n t in e  v^as a t te m p te d .
The " P e a r " f r a c t i o n a t i n g  co lu m n  w i t h  12 " P e a rs  ’’ 
was th e n  t r i e d ,  and  q u i t e  good r e s u l t s  w e re  o b ta in e d ,  es­
p e c i a l l y  a f t e r  i t  h ad  been  ja c k e t t e d  w i t h  a w id e  g la s s  tu b e
2 9 .
t o  p r e v e n t  th e  a c c e s s  o f  d r a u g h ts  t o  th e  c o lu m n . A c o n s ta n t  
r a t e  o f  75  d ro p s  p e r  m in u te  c o u ld  be  m a in t a in e d .  The " Mod­
i f i e d  E v a p o r a to r  " co lu m n  was fo u n d  t o  g iv e  r e s u l t s  as goo d  
a s ,  o r  e v e n  b e t t e r  th a n ,  th e  " P e a r " . The " M o d i f ie d  
E v a p o r a to r  " co lu m n  u s e d  h a d  t lx t ’ee c o m p a r tm e n ts , a n d  s in c e  
i t  c o u ld  n o t  d e a l w i t h  tn e  l a r g e r  q u a n t i t i e s  o f  o i l  o f  t u r ­
p e n t i n e ,  i t  was u s e d  t i i r o u g h o u t  t o  g iv e  a  c le a n e r  s e p a r a t io n  
o f  t h a t  f r a c t i o n  o f  th e  o i l  w h ic h  was c o l l e c t e d  a t  a te m ­
p e r a t u r e  o f  1 6 0 -0 .  and  upw ards  f ro m  th e  " P e a r " f r a c t i o n ­
a t i n g  c o lu m n .
The j o i n t  u se  o f  th e s e  tw o  c o lu m n s , h o w e v e r ,  d id  
n o t  g iv e  a y i e l d  o f / - p i n e n e  e x c e e d in g  o f  th e  v o lu m e  o f  
F re n c h  o i l  o f  t u r p e n t in e  d i s t i l l e d .  To make q u i t e  c e r t a in  
r e g a r d in g  th e  h i s t o r y  o f  th e  o i l  o f  t u r p e n t in e  u s e d  i n  th e  
f r a c t i o n a t i o n ,  a q u a n t i t y  -  lO  k i lo g r a m s  -  o f  F re n c h  tu rp e n ­
t i n e  was p r o c u r e d  f ro m  F ra n c e , a n d  t h i s  was s u b m it t e d  t o  
s te a m  d i s t i l l a t i o n  i n  th e  la b o r a t o r y .  A y i e l d  o f  1623  c . c ’ s 
o f  p u re  d r y  F re n c h  o i l  o f  t u r p e n t in e  was s e c u re d ,  a n d  o v e r  
8 k i lo g r a m s  o f  a  v e r y  c le a n ,  w a te r - w h i te  c o lo p h o n y  o b ta in e d  
as a b y e - p r o d u c t . The s u p p ly  o f  F re n c h  o i l  o f  t u r p e n t in e  so  
p r e p a r e d  was r e p e a te d ly  f r a c t io n a t e d ,  and 1 5 . 1 c . c ’ s o f  
/ - p i n e n e ,  i n  a p u re  d r y  c o n d i t io n ,  w e re  o b ta in e d .  The f r a c ­
t i o n  w h ic h  p a s s e d  o v e r  u n ch a n g e d  a t  1 6 2 ° C . - 1 6 4 ° 0 .  a f t e r  
s e v e r a l  d i s t i l l a t i o n s  was ta k e n  t o  b e / - p in e n e  and  was fo u n d  
t o  g iv e  th e  f o l l o w in g  c o n s t a n t s : -
3 0 .
b . p .  I 6 2 - C .  t o  I 6 4 - 0 .  
0 .8 7 2 2 .
^ 1 .477  .
W % = - I 9 . 9 '
P a r i s e l l e  ( O o a p t .  r e n d .  I 9 2 1 . 1 7 2 . 1496 .) g iv e s  
b . p .  I 6 3 ° 0 .  t o  1 6 4 * 0 . /  7 6 0  mm.
d'"’ -  0 .8 7 2 8 .  d* =- 0 ,8 8 4 8 .
n'  ̂ = 1 .4 7 9 .I:
W a lla o i l  ( A n n .  1 9 0 8 . 3 6 3 . 9 . )  g iv e s  f o r p - p i n e n e  f r o m  A m er- 
© i l  o f  t u r p e n t in e
b . p .  1 6 2 -0 .-1 6 3 °  0 .  
d = 0 .866.
= 1 .4724  .
- 8 2 '2 0 ’
An a d d i t i o n a l  2 g a l lo n s  o f  F re n c ii o i l  o f  t u r p e n t in e ,  b e lo n g ­
in g  t o  th e  1920  c r o p ,  w ere  o b ta in e d  t i j r o u g h  th e  c o u r te s y  o f  
tn e  B r i t i s h  X y lo n i t e  O o. T h is  o i l ,  l i k e w i s e ,  gave n o  b e t t e r  
y i e l d  o f - p i n e n e .
The 2 g a l lo n s  o f  I n d ia n  o i l  o f  t u r p e n t in e  f r o m  
P in u s  E x c e ls a ,  p r o c u r e d  th ro u g h  th e  same f i r m ,  w e re  n e x t  
e x a m in e d  f o r  t h e i r  c o n te n t  o f / - p i n e n e .  T h is  p a r t i c u l a r  v a r ­
i e t y  o f  o i l  o f  t u r p e n t in e  was fo u n d  t o  be r i c h  i n  o t - p in e n e .  
I n  a d d i t i o n ,  i t  was shown t o  c o n ta in  a s m a ll  p r o p o r t io n  o f  
/ - p i n e n e ,  and  a ls o  o f  a t h i r d  h y d ro c a rb o n ,  b o i l i n g  a b o u t
3 1 .
1 7 3 - 0 .  A t  f i r s t  %)he l a t t e r  h y d ro c a rb o n  was c o n s id e r e d  t o  be  
s y lv e s t r e n e .  I t  d i d  n o t ,  h o w e v e r ,  g iv e  t h e  c o lo u r  r e a c t i o n  
f o r  s y lv e s t r e n e ,  a n d  I t  i s  p r o b a b ly  i d e n t i c a l  w i t h  th e  
d -Z ^ -O a re n e  I s o la t e d  b y  S im onsen f r o m  I n d ia n  o i l  o f  tu rp e n ­
t i n e ,  d i s t i i : i e d  f ro m  th e  o ie o r e s in  o f  " P in u s  L o n g i f o i i a  "






OH- o : (  O H,)^
d .-Z \-O a re n e . 
b . p .  1 6 8 -0  . - 1 6 9 - 0 . /  705  mm.
O w ing  t o  th e  p re s e n c e  o f  t h i s  t h i r d  h y d ro c a rb o n ,  w i t h  a  b o i l ­
i n g  p o i n t  o n ly  a l i t t l e  h ig h e r  th a n  t h a t  o f  ̂ - p i n e n e ,  th e  
i s o l a t i o n  o f  |^ - p in e n e  f ro m  I n d ia n  o i l  o f  t u r p e n t in e ,  f r o m  
" P in u s  E x c e ls a  " ,  p r o v e d  t o  be  a lo n g  and  t e d io u s  p r o c e s s .  
F o r  t h i s  re a s o n  th e  a t te m p te d  p r e p a r a t io n  o f  ̂ - p in e n e  f ro m  
t h i s  s o u rc e  was d ro p p e d .
S in c e  th e  c o m p o s it io n  o f  o i l s  o f  t u r p e n t in e  f ro m  
th e  I n d ia n  " P in u s  L o n g i f o i i a  " ,  and f r o m  S w e d ish  a n d  R u s s ia n  
P in e s ,  a re  s u f f i c i e n t l y  w e l l  Known, no  a t t e n p t  was made t o
3 2 .
p r e p a re  / - p in e n e  f ro m  th e s e  o i l s .  A t t e n t io n  v/as t u r n e d  to  
o b t a i n i n g / - p i n e n e  f ro m  A m e rio a n  o i l  o f  t u r p e n t i n e .  I t  was 
fo u n d  t h a t  th e  y i e l d  o f / - p i n e n e  f r o m  t h i s  s o u rc e  was s l i g h t ­
l y  b e t t e r  tn a n  f r o m  th e  F re n c h  o i l . The y i e l d  was a sh a d e  
m o re  th a n  jPjo o f  th e  t o t a l  A m e r ic a n  o i l  d i s t i l l e d .  The f a c t  
t h a t  A m e r ic a n  o i l  o f  t u r p e n t in e  was fo u n d  t o  be r i c h e r  i n  
/ - p in e n e  th a n  th e  F re n c h  v a r i e t y  i s  i n  a c c o rd a n c e  w i t h  
¥  a l l  a ch» s s ta te m e n t  (A n n .  1 9 0 8 . 3 6 3 . 9 .  ) ,  b u t  he does  n o t  
g iv e  a n y  d e t a i l s  r e g a r d in g  th e  c o m p a ra t iv e  y i e l d s .  A l t o g e t h e r  
4 g a l lo n s  o f  A m e r ic a n  o i l  o f  t u r p e n t in e  w e re  d i s t i l l e d .  S in c e  
th e  same la e v o g y r a t e ^ - p in e n e  i s  o b ta in e d  f ro m  b o th  A m e r ic a n  
and  F re n c h  o i l s  o f  t u r n e n t in m ,  th e  t o t a l  s u p p iv  o f  t u r p e n t in e  
o i l s  -  a  l i t t l e  m ore  th a n  8 g a l lo n s  -  was m ix e d , a n d  d i s t i l ­
l e d  i h d i s o r i m i h a t e l y .
To p u r i f y  th e  o i l  o f  t u r p e n t in e ,  i t  was a l lo w e d  t o  
s ta n d  i n  c o n ta c t  w i t h  s o l i d  c a u s t ic  p o ta s h  f o r  s e v e r a l  d a y s .  
The o i l  was th e n  s e p a ra te d  f ro m  th e  s o l i d  p o ta s h ,  p r e c i p i t a ­
te d  r e s i n ,  a nd  th e  c o n c e n t r a te d  aqueous s o l u t i o n  o f  p o ta s h  
fo rm e d  f r o m  th e  w a te r  p r e s e n t  i n  th e  t u r p e n t in e  o i l . The o i l  
o f  t u r p e n t in e  was n e x t  s te a m  d i s t i l l e d .  E a ch  b a tc h  o f  o i l  o f  
t u r p e n t in e  -  a b o u t i | -  l i t r e s  -  was d i s t i l l e d  i n  t h r e e ,  a p p ro x  
im a t e ly  e q u a l,  s ta g e s .  T h a t i s  t o  s a y , t h a t ,  when a b o u t one 
t h i r d  o f  th e  o i l  h a d  d i s t i l l e d  o v e r  w i t h  tn e  s te a m , th e  r e ­
c e iv e r  was c h a n g e d , and  was chan g e d  a g a in  when th e  s e c o n d  
t h i r d  h a d  p a s s e d  o v e r .  The th r e e  p o r t io n s  o f  th e  d i s t i l l a t e
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O b ta in e d  i n  t h i s  m anne r w ere  th e n  e x a m in e d  s e p a r a t e ly  f o r  
t h e i r  c o n te n t  o f (3- p in e n e .  i t  was fo u n d  t h a t  th e  l a s t  t h i r d  
o f  th e  d i s t i l l a t e  v/as som ewhat r i c h e r  i n / - p i n e n e  th a n  th e  
o t h e r  tw o .  The f i r s t  p o r t i o n  o f  th e  d i s t i l l a t e ,  h o w e v e r ,  d i d  
c o n t a in  a s m a ll  p r o p o r t io n  o f / - p i n e n e ,  a n d  s in c e  i t  was 
d e s i r a b le  t o  s e c u re  as much /  - p in e n e  as p o s s ib le ,  n o  u s e f u l  
p u rp o s e  w o u ld  be s e rv e d  b y  n e g le c t in g  th e  y i e l d  f r o m  t h i s  
s o u r c e .  The t i i r e e  p o r t io n s  o f  e ach  d i s t i l l a t e ,  h o w e v e r ,  w e re  
a c c u m u la te d  s e p a r a te ly ,  s in c e  b y  t h i s  means a r o u g h - a n d - r e a d y  
p r im a r y  f r a c t i o n a t i o n  o f  th e  o i l  was s e c u r e d .
Tne i r e s h  s te a m  d i s t i l l e d  o i l  was s e p a ra te d  f r o m  
th e  l a y e r  o f  d i s t i l l e d  w a te r ,  a n d  d r ie d  o v e r  f r e s h l y  i g n i t e d  
a n h y d ro u s  s o d iu m  s u lp h a t e .  The d r ie d  o i l  was th e n  s u b m it te d  
t o  f r a c t i o n a l  d i s t i l l a t i o n  i n  th e  " P e a r " a p p a r a tu s .
T he  g r e a t e r  p o r t i o n  p a s s e d  o v e r  a t  I5 5 * 0  . - I 5 6 ° C .
F r a c t io n s  w e re  t a k e n : -  1 5 6 -C . - 1 5 7 ° C .
1 5 7 ° C .- 1 5 8 - C .
1 5 8 ° 6 . - 1 5 9 - C .
I5 9 -C  . - 1 6 0 - C.
O ve r 1 6 0 * 0 .
The f r a c t i o n  p a s s in g  o v e r  u n d e r  I 5 6 - C .  was fo u n d  t o  be p r a c ­
t i c a l l y  p u re  ( ( - p in e n e .  i t  w as, n e v e r t h e le s s ,  r u n  th ro u g h  th e  
d i s t i l l a t i o n  a p p a ra tu s  tw ic e  m o re , b e fo r e  b e in g  f i n a l l y  l a i d  
on one s id e ,  and  an a d d i t io n a l  s m a ll  q u a n t i t y  o f  h ig h e r  b o i l ­
in g  o i l  was th u s  s e c u re d  f ro m  i t . The r e m a in in g  f r a c t i o n s
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w e re  r e d i s t i l l e d  s e p a r a te ly ,  th e  i i lg n e r  b o i l i n g  p o r t i o n  o f  
e a c h  f r a c t i o n  b e in g  a d d e d  to  th e  n e x t  h ig h e r  f r a c t i o n ,  a n d  
8 0  o n , u n t i l  a q u a n t i t y  o f  o i l  b o i l i n g  abo ve  I 6 0 ? 0 .  was 
i s o l a t e d .  T h is  p o r t i o n  was d e a l t  w i t h  s e p a r a t e ly  i n  th e  
"  M o d i f ie d  E v a p o r a to r  "  co lum n  a n d  f r a c t i o n s  w e re  ta k e n
U n d e r 1 6 0 - o .
1 6 0*0 .-162*0 . 
1 6 2 - 0 . - 1 6 4 - 0 .  
1 6 4 -0  . - 1 6 6 - 0  .
O ve r 1 6 6 -0 .
The f r a c t i o n  s e p a r a t in g  u n d e r  1 6 0 * 0 .  was r e t u r n e d  t o  th e  
" P e a r " . The f r a c t i o n a t i o n  was c o n t in u e d  u n t i l  a  p o r t i o n  
o f  th e  o i l ,  p a s s in g  o v e r  c o n s t a n t ly  a t  1 6 2 -0  . - 1 6 4 * 0 . ,  was 
i s o l a t e d .  I t  gave  c o n s ta n ts
d "  -  0 .8 7 1 0 .
= I  .4760  .
I t  was assum ed t h a t  t h i s  f r a c t i o n  o f  th e  o i l  o f  t u r p e n t in e  
c o n s is t e d  o f / - p i n e n e  s u f f i c i e n t l y  p u re  t o  c a r r y  o u t  th e  
o x i d a t io n s .  A t o t a l  y i e l d  o f  312 c . c ’ s o f  t h i s  ^ - p in e n e  was 
o b t a in e d .
3 5 .
„  ThQ Ox id a t i o n  o f  ^ - P in e n e  w i t h  Chrom^^. C h lo r id e .
A lOfo s o l u t i o n  o f / - p i n e n e  was p r e p a r e d  b y  d i s ­
s o l v in g  40 g ram s o f  th e  h y d ro c a rb o n  i n  400  gram s o f  c a rb o n  
d i s u l p h i d e . A 1 0 ^  s o l u t i o n  o f  c h ro n iy l c h lo r i d e  was p r e p a re d  
b y  d i s s o l v i n g  lOO g ram s o f  th e  r e a g e n t  i n  a k i lo g r a m  o f  c a r ­
b o n  d i  s u lp h id e .  The c a rb o n  d is u lp h id e  h a d  p r e v io u s ly  b e e n  
c a r e f u l l y  p u r i f i e d  b y  d i s t i l l a t i o n  w i t h  a s m a ll  q u a n t i t y  o f  
c h ro m y l c h l o r i d e .  Any u n c h a n g e d  c h ro n iy l c h lo r id e  was decom ­
p o s e d  b y  s h a k in g  up th e  d i s t i l l a t e  w i t i i  a l i t t l e  d i s t i l l e d  
w a t e r .  The c a rb o n  d i  s u lp h id e  was s e p a ra te d  f ro m  tn e  aqu eous  
s o l u t i o n ,  and  d r ie d  o v e r  a n h y d ro u s  s o d iu m  s u lp h a t e .
T iie  q u a n t i t i e s  o f  c h ro m y l c h lo r id e  a n d / - p in e n e  
u s e d  w e re  s u f f i c i e n t  t o  g iv e  s l i g h t l y  m ore th a n  2 m o le c u la r  
p r o p o r t io n s  o f  th e  fo rm e r  t o  i  o f  th e  l a t t e r .  B o th  s o lu t i o n s  
w e re  k e p t  w e l l  c o o le d  i n  i c e ,  a n d  s m a .ll q u a n t i t i e s  o f  t r ie  
c h ro m y l c h lo r id e  w e re  a dd ed , a t  s h o r t  I n t e r v a l s ,  t o  th e  
/ - p in e n e  s o l u t i o n .  The l a t t e r  s o l u t i o n  was k e p t  i n  a s t a t e  
o f  c o n s ta n t  a g i t a t i o n .  A h e a vy  o r o v h i is x i- b la c k  p r e c i p i t a t e ,  o f  
c h ro m y l c h l o r i d e / - p i n e n e  a d d i t io n  p r o d u c t ,  was g r a d u a l l y  
d e p o s i t e d .  T h is  com pound i s  c h a r a c t e r i s t i c  o f  th e  a c t io n  o f  
c h ro m y l c h lo r i d e  on th e  te rp e n e  h y d ro c a rb o n s ,  a n d  has  th e  
c o m p o s i t io n : -
0 w % 4 ' 2 0 r 0 , C l , .
D u i'in g  th e  a d d i t i o n  o f  th e  c h ro m y l c h lo r id e ,  a n y  l o c a l  o v e r ­
h e a t in g ,  due  t o  f a i l u r e  i n  m a in t a in in g  th e  ^ - p in e n e  s o lu t i o n
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i n  c o n s ta n t  a g i t a t i o n ,  o r  n e g le c t  i n  k e e p in g  th e  r e a c t in g  
s u b s ta n c e s  w e l l  c o o le d ,  r e s u l t s  i n  s e r io u s  lo s s e s  due t o  
r é s i n i f i c a t i o n .  A f t e r  th e  c a lc u la t e d  am ount o f  c n ro m y i c h lo r ­
i d e  h a d  a l l  b ee n  add ed  th e  p r e c i p i t a t e  was a l lo w e d  s e v e r a l  
d a ys  i n  w h ic h  t o  s e t t l e .  I f  tn e  s u p e r n a ta n t  l a y e r  w e re  c le a r ,  
s m a ll q u a n t i t i e s  o f  c h ro m y l c h lo r i d e  w e re  a d d e d  u n t i l  i t  
p o s s e s s e d  a p e rm a n e n t r e u d is h  t i n g e .  A f t e r  th e  f o r m a t io n  o f  
t h e  a d d i t i o n  p r o d u c t  was tn u s  c o m p le te d ,  tn e  l i q u i d  l a y e r  o f  
c a rb o n  d i s u lp h id e  w^as d e c a n te d  o f f .  A b r o w n is h - b la c k  p a s te  
r e m a in e d .  A l i t t l e  o f  t h i s  p a s te  was d r ie d  and  w ashed  w i t h  
c a rb o n  d i  s u lp h id e  a t  th e  pum p. The a d d i t i o n  p r o d u c t  was ob­
t a in e d  as  a d i r t y  w h ite  p o w d e r .  I t  was fo u n d  t h a t  i t  r e a d i l y  
a b s o rb e d  m o is tu r e  f ro m  th e  d i r ;  and  was q u i c k ly  c o n v e r te d  
i n t o  a v i s c i d  g re e n  l i q u i d  p o s s e s s in g  a p e c u l i a r  s w e e t is h  
o d o u r .  Tne pow der i s  c o m p le te ly  decom posed w i t h  w a te r .
The b r o w n is h - b la c k  p a s te  was s lo w ly  r u n  i n t o  i c e -  
c o ld  w a te r ,  w i t h  w h ic h  i t  was w e l l  s t i r r e d .  On s t a n d in g ,  tn e  
c a rb o n  d is u lp h id e  s e p a ra te d ,  and  was r u n  o f f .  i t  was o f  a 
d a r k  b ro w n  c o lo u r ,  and was fo u n d  t o  c o n ta in  m os t o f  th e  ox­
i d a t i o n  p r o d u c ts  i n  s o l u t i o n .  The g re e n  aqueous s o l u t i o n  was 
e x t r a c t e d  s e v e r a l  t im e s  w i t h  e t n e r ,  and  f i n a l l y  w i t h  l i g h t  
p e t r o le u m .  A f t e r  th e  aqueous s o l u t i o n  h ad  b e e n  e x t r a c t e d  i t  
was l a i d  a s id e ,  b u t  when s e v e r a l weeks h a d  e la p s e d ,  i t  was 
n o te d  t h a t  p o r t io n s  o f  r e s in o u s  m a t te r  had  b e e n  d e p o s ite d  
Oh th e  s id e s  a n d  b o t to m  o f  th e  W in c h e s te r  f l a s k  c o n t a in in g
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t n e  l i q u i d ,  i t  w o u ld  th u s  a p p e a r  t h a t ,  u n d e r  th e  a b o ve  con­
d i t i o n s ,  th e  d e c o m p o s it io n  o f  tn e  b ro w n  a d d i t i o n  p r o d u c t ,  
a n d  th e  e x t r a c t i o n  o f  tn e  a q u e o u s  s o l u t i o n ,  w e re  n o t  s o  coia- 
p l e t e  as  th e y  w e re  p r e v io u s ly  th o u g h t  t o  b e .  C o n s e q u e n t ly ,  
when a s e c o n d  u o r t i o n  o f  / - p in e n e  was o x ia is e d  tn e  p r e v io u s  
p r o c e d u re  was som ew hat a l t e r e d .  A f t e r  th e  c a rb o n  d is u lp h id e  
l a y e r  h a d  b e e n  s e p a ra te d ,  tn e  aqueous s o l u t i o n  was p la c e d  i n  
a W in c h e s te r  a n d  g e n t l y  warm ed i n  a t h e r m o s t a t . E x p e r im e n t  
show ed  t h a t  th e  b e s t  te n ro e ra tu re ,  t o  e n s u re  c o m p le te  decom ­
p o s i t i o n .  was i n  th e  n e ig h b o u rh o o d  o f  2 5 ° 0 .  The W in c h e s te r  
was K e p t i n  tn e  th e r m o s ta t  a t  t h i s  te m p e ra tu re  f o r  a day# 
a n a  th e  s o l u t i o n ,  a f t e r  c o o l in g ,  was e x t r a c t e d  as b e f o r e ,  i n  
t h i s  ca se  th e  d e c o m p o s it io n  a nd  e x t r a c t i o n  w e re  c o m p le te ,  a n d  
no  r e s i n  was d e p o s i te d  f ro m  th e  g re e n  aqueous s o lu t i o n  e ven  
a f t e r  tn e  la p s e  o f  s i x  m o n th s .
The c a rb o n  d is u lp h id e  s o lu t i o n  o f  tn e  o x id a t io n  
p r o d u c t s ,  and  th e  s e v e r a l e x t r a c t s  w e re  w ashed w i t h  w a te r ,  
a n d  d r i e d  o v e r  a n h y d ro u s  s o d iu m  s u lp h a t e . The s o lv e n t s  w e re  
d i s t i l l e d  o f f ,  a n d  th e  re s id u e s  m ix e d . The o x id a t io n  p r o d u c t  
was th u s  o b ta in e d  as a d a rk  b ro w n  v i s c i d  o i l ,  w h ic h  a p p a r ­
e n t l y  c o n ta in e d  a la r g e  p r o p o r t io n  o f  r e s i n .  The o i l  was sub­
m i t t e d  t o  s te a m  d i s t i l l a t i o n ,  when a q u a n t i t y  o f  a c le a r  
y e l lo w is h  o i l  p a s s e d  o v e r ,  and  c o l le c t e d  w i t h  th e  d i s t i l l e d  
w a te r  i n  t h e  r e c e i v e r .  The r e s in  re m a in e d  b e h in d  i n  th e  d is ­
t i l l a t i o n  f l a s k .
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S e p a r a t io n  o f  th e  A ld e l iy d e s .
The d i s t i l l a t e  f ro m  th e  s te a m  d i s t i l l a t i o n  was 
s a t u r a t e d  w i t h  s o d iu m  c h lo r id e  and  r e p e a t e d ly  e x t r a c t e d  w i t h  
e t h e r . The e t h e r e a l  s o lu t i o n  was s e p a r a te d ,  a n d  d r ie d  o v e r  
a n h y d ro u s  s o d iu m  s u lp h a t e .  The e t h e r  was s e p a ra te d  b y  d i s t i l ­
l a t i o n  f r o m  a w a te r - b a t h .  The r e m a in in g  o i l  was m ix e d  w i t h  
s l i g h t l y  m ore  th a n  i t s  vo lum e  o f  f r e s h l y  p r e p a r e d ,  s a t u r a t e d  
a q u e o u s  s o l u t i o n  o f  s o d iu m  b i s u l p h i t e . The m ix e d  l i q u i d s  w e re  
p la c e d  i n  a c o n ic a l  f l a s k ,  lo o s e l y  s to p p e re d  w i t h  c o t to n  w o o l^  
a n d  k e p t  i n  a c o o l p la c e  f o r  s e v e r a l  w e e k s . Tne f l a s k  was 
s h a ke n  a t  f r e q u e n t  i n t e r v a l s .  A s m a l l  c ro p  o f  c r y s t a l s ,  o f  an 
a ld e h y d e  b i s u l p h i t e  compound a n d  o f  s o d iu m  b i s u l p h i t e ,  was 
s lo w ly  fo rm e d .  These c r y s t a l s  w e re  c a r e f u l l y  f i l t e r e d  o f f  a t  
t h e  pum p, w ashed w i t h  a lc o h o l  and  e t h e r ,  and  d r i e d .  The u n ­
c h a n g e d  o i l  was e x t r a c t e d  f ro m  tn e  f i l t r a t e  a n u  a g a in  m lx e u  
w i t h  s a t u r a te d  s o d iu m  b i s u lp h i t e  s o l u t i o n .  A f u r t h e r  v e r y  
s m a l l  c ro p  o f  c r y s t a l s  was s e c u re d .  The co m b in e d  y i e l d  o f  
c r y s t a l s  was b o i l e d  w i t i i  s o d iu m  c a rb o n a te  s o l u t i o n ,  i n  a 
d i s t i l l i n g - f l a s k ,  t o  decompose th e  b i s u l p h i t e  com pound. Tne 
a ld e h y d e s  v o l a t i l i s e d ,  and d i s t i l l e d  o v e r  w i t h  th e  s te a m , 
a c c u m u la t in g  i n  th e  r e c e iv e r  as  a fe w  d ro p s  o f  s e m i- s o l id  
o i l .  These w e re  e x t r a c te d  w i t h  e t h e r ,  th e  s o lu t i o n  d r ie d  o v e r  
a n h y d ro u s  s o d iu m  s u lp h a te ,  and th e  e tn e r  s e p a ra te d  b y  d is ­
t i l l a t i o n .  A v e r y  s m a ll q u a n t i t y  o f  a t h i c k  g r e e n is h - y e l lo w  
o i l  -  w i t h  an  o d o u r  s im i l a r  t o  t h a t  o f  cam phor -  was th u s
3 9 .
O b ta in e d .  T h is  o i l  was i ia m e d ia te iy  w e ig h e d  anu. d ia s o iv e u .  i n  
p u re  e t n y l  a l c o h o l ,  to  p re p a re  th e  s e m lc a rb a z o n e , th e  c a l ­
c u la t e d  q u a n t i t y  o f  s e n d c a rb a z id e  h y d r o c h lo r id e  -  one m o l­
e c u la r  p r o p o r t io n  -  was w e ig h e d , and  d is s o lv e d  i n  tn e  m in im um  
v o lu m e  o f  d i s t i l l e d  w a te r .  S i m i l a r l y  one m o le c u la r  p r o p o r t io n  
o f  p o ta s s iu m  a c e ta te  was d is s o lv e d  i n  e t h y l  a l c o h o l , The 
t h r e e  s o lu t i o n s  w e re  m ix e d  and s u f f i c i e n t  e t h y l  a lc o h o l  added  
t o  g iv e  a hom ogeneous s o l u t i o n .  A f t e r  s t a n d in g  f o r  s e v e r a l  
days  th e  s e m ic a rb a z o n e  was p r e c i p i t a t e d  b y  th e  a d d i t io n  o f  
d i s t i l l e d  w a te r ,  and  a l lo w e d  t o  s e t t l e .  The p r e c i p i t a t e  was 
s e p a ra te d  b y  f i l t r a t i o n ,  w ashed, a nd  d is s o lv e d  i n  m e th y l 
a l c o h o l ,  i n  a h o t  s o lu t i o n  o f  v /h ic h  i t  was r e a d i l y  s o lu b le .  
The b u lk  o f  th e  :m e th y l a lc o h o l  was d i s t i l l e d  o f f ,  and  on 
c o o l in g  th e  r e m a in in g  s o l u t i o n ,  th e  s e m ic a rb a z o n e  c r y s t a l ­
l i s e d  o u t  i n  th e  fo rm  o f  w h i t i s h  n o d u le s .  These w e re  c o l ­
l e c t e d ,  d r ie d ,  and  a m e l t in g  p o i n t  ta k e n ,  i t  was fo u n d  t h a t  
t h e  s u b s ta n c e  began  t o  s o f te n  a b o u t  3 0 ? C. a n d  was c o m p le te ly  
l i q u i d  a t  50? 0 .  A f u r t h e r  r e c r y s t a l l i s a t i o n  f ro m  a s m a ll 
v o lu m e  o f  h o t  m e th y l a lc o h o l  gave  no b e t t e r  r e s u l t s ,  i t  
a p p e a re d  e v id e n t  t h a t  tn e  i n d e f i n i t e  m e l t in g  p o in t  was n o t  
due t o  a n y  c lia n ce  im p u r i t y ,  i t  was much m ore  p ro b a b le  t h a t  
th e  r e s u l t  was o c c a s io n e d  b y  a m ix t u r e  o f  a ld e h y d e  s e m ic a rb -  
a z o n e s , i n  a l l  l i k e l i h o o d ,  tw o  i n  n u m b e r. A t te iq p ts  w e re  made 
t o  s e p a r a te  th e  s e m ic a rb a z o n e s  b y  f r a c t i o n a l  c r y s t a l l i s a t i o n  
f ro m  m e th y l  a l c o h o l ,  b u t  w i t h  th e  v e r y  s m a ll  am ount a v a i la b le
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no  s a t i s f a c t o r y  r e s u l t s  w e re  o b ta in e d .
Se p a r a t io n  o f  th e  K e to n e .
The o i l y  o x id a t io n  p r o d u c t ,  f r o m  w h ic h  th e  a ld e ­
h y d e s  h a d  b e e n  re m o v e d  b y  s o d iu m  b i s u l p h i t e ,  was w ashed  s u c ­
c e s s iv e ly  w i t h  a q u e o u s  s o d iu n i c a rb o n a te  and w a te r ,  and  tn e n  
d r ie d  o v e r  a n h y d ro u s  s o d iu m  s u lp h a t e .  The d r ie d  o i l  was d i s ­
s o lv e d  i n  e t h y l  a l c o h o l ,  and th e  c a lc u la t e d  a m oun ts  o f  s e m i-  
c a r b a z id e  h y d r o c h lo r id e  and p o ta s s iu m  a c e ta te  w e re  a d d e d . On 
s t a n d in g  f o r  s e v e r a l  d a y s , c r y s t a l s  w e re  s lo w ly  d e p o s i te d ,  
a n d  b y  th e  d a i l y  a d d i t i o n  o f  a fe w  d ro p s  o f  d i s t i l l e d  w a te r ,  
th e  y i e l d  was g r e a t l y  in c r e a s e d .  A f t e r  s t a n d in g  f o r  a f o r t ­
n i g h t ,  th e  e t h y l  a lc o h o l  was d i s t i l l e d  o f f ,  u s in g  a s h o r t  
f r a c t i o n a t i n g  co lum n  i n  case ulcere s h o u ld  be a n y  v o l a t i l e  
n e u t r a l  p r o d u c ts  i n  th e  o i l . The a lc o h o l  w h ic h  a c c u m u la te d  
i n  th e  r e c e iv e r  was fo u n d  t o  p o s s e s s  a p e c u l i a r  p e n e t r a t in g  
o d o u r .  Some d i s t i l l e d  w a te r  was added t o  a s m a ll  sa m p le  o f  
th e  a l c o h o l ,  a n d  a v m ite  t u r b i d i t y  r e s u l t e d .  So i t  a p p e a re d  
t h a t  th e  o i l  c o n ta in e d  a v o l a t i l e  s u b s ta n c e ,  w h ic h  d i s t i l l e d  
w i t h  a lc o h o l  v a p o u r ,  e v e n  a l th o u g h  a f r a c t i o n a t i n g  co lum n  
was u s e d .  A l l  th e  d i s t i l l e d  a lc o h o l  was a c c o r d in g ly  s e t  on 
one s id e  f o r  f u r t h e r  e x a m in a t io n .  The l i q u i d  r e m a in in g  i n  
th e  d i s t i l l i n g  f l a s k  was d e c a n te d  f ro m  th e  s o l i d  s e m ic a r ­
b a z o n e , th e  l a t t e r  p o w d e re d  up and  w ashed w i t i i  w a te r ,  and  
th e  d e c a n te d  l i q u o r  a nd  w a s h in g s  w e re  s u b m it te d  t o  s te a m
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d i s t i l l a t i o n .  The d i s t i l l e d  w a te r  i n  tn e  r e c e iv e r ,  a ls o  show ed 
t u r b i d i t 3r ,  a n d  was l i k e w is e  s e t  on one s id e ,  b o t n in g  e ls e  
w as o b ta in e d  e x c e p t  a d ro p  o r  tw o  o f  a m o b i le  o i l ,  w n ie h  
f u r t h e r  e x a m in a t io n  snowed t o  c o n s is t  o f  u n c h a n g e d  / - p in e n e ,  
c o n t a in in g  i n  s o l u t i o n  a l i t t l e  o f  th e  same v o l a t i l e  s u b ­
s ta n c e  a s  th e  e t h y l  a l c o n o l .
The w ashed s e m ic a rb a z o n e , o f  w h ic h  a f a i r  y i e l d  
w as o b ta in e d ,  was d is s o lv e d  i n  h o t  m e th y l a l c o n o l . A s m a ll 
q u a n t i t y  o f  a y e l lo w is h ,  sand3>' s u b s ta n c e  re m a in e d  u n d is s o lv e d  
a n d  on f u r t h e r  e x a m in a t io n  i t  was fo u n d  t o  be  a c o n d e n s a t io n  
p r o d u c t  o f  s e m i c a rb a  z i  d e . The h o t  m e th y l a lc o h o l  s o l u t i o n  
v;as f i l t e r e d  f r e e  f r o m  th e  in s o lu b le  r e s id u e .  Tne s o l u t i o n  
was c o n c e n t r a te d  b y  d i s t i l l i n g  o v e r  a b o u t n a i f  tn e  b u lk  o f  
m e th y l a l c o h o l ,  and  a l lo w e d  t o  c o o l ,  ""he s e m ic a rb a z o n e  o f  
t n e  k e to n e  was d e p o s ite d  i n  m in u te  c o lo u r le s s  n e e d le s ,  and  
a f t e r  p u r i f i c a t i o n ,  b y  r e c r y s t a i l l s a t i o n  s e v e r a l  t im e s  r ro m  
h o t  m e th y l  a l c o h o l ,  gave a m e l t in g  p o in t  o r  2 2 5 ? C ., decom ­
p o s in g  a t  th e  same t im e .  The k e to n e  s e m ic a rb a z o n e  o b ta in e d  
b y  H e n d e rs o n  and  G ra y  ( l o c .  c i t .  ) f r o m o i- p in e n e  m e lte d  a t  
2 2 6 * 0 .  A s m a l l  q u a n t i t y  o f  t h i s  s e m ic a rb a z o n e  was p r o c u r e d  
and  m ix e d  w i t h  tn e  s e m ic a rb a z o n e  f r o m / - p in e n e . The m e l t in g  
p o in t  o f  th e  m ix tu r e  was 3 2 4 -0  . T h e re  i s  t h e r e f o r e  no  d o u b t 
t h a t  th e  k e to n e  p re p a re d  f r o m / - p in e n e  i s  i d e n t i c a l  w i t h  
t h a t  f r o m  ( ( - p in e n e .
The k e to n e  h a s  th e  c o m p o s i t io n : -
W '
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A p o r t i o n  o f  th e  s e m ic a rb a z o n e  ?/as r e p e a t e d ly  r e -  
c r y s t a l l i s e d  f r o m  h o t  m e th y l a l c o h o l ,  a n d  a m e l t in g  p o in t  
ta k e n  a f t e r  e a c h  c r y s t a i i i a a t i o n . I t  was fo u n d  t h a t  th e  m e l t ­
i n g  p o in t  r o s e  s t e a d i l y ,  b u t  s lo w ly ,  w i t h  e a c h  a d d i t i o n a l  
c r y s t a l l i s a t i o n .  U l t im a t e l y  a s e r ie s  o f  c r y s t a l l i s a t i o n s  gave  
a p r o d u c t  m e l t in g  c o n s t a n t ly  a t  2 3 2 * 0 .  ( u n c o r r e c t e d . )  .
The k e to n e  i t s e l f  was o b ta in e d  b y  d e c o m p o s in g  th e  
s e m ic a rb a z o n e  w i t n  a s l i g h t  e x c e s s  o f  o x a l i c  a c id ,  a nd  s te a m  
d i s t i l l i n g  tn e  m ix t u r e . The d i s t i l l a t e  v/as s a t u r a t e d  w i t n  
s o d iu m  c h lo r i d e ,  r e p e a te d ly  e x t r a c t e d  v / i t n  e t n e r ,  a n d  tn e  
e x t r a c t s  d r ie d  o v e r  a n h y d ro u s  s o d iu m  s u lp n a t e . The e th e r  was 
s e p a r a te d  b y  d i s t i l l a t i o n  f ro m  th e  w a te r - b a t n ,  a nd  tn e  k e to n e  
was o b ta in e d  as a c o lo u r le s s ,  o i l y  l i q u i d  w i t n  a p le a s a n t  
a r o m a t ic  o d o u r . The k e to n e  i s  s o lu b le  i n  m e tn y l a n d  e t n y l  
a l c o h o ls ,  i n  e t h e r ,  c h io r o fo r m ,  b e n z e n e , a c e to n e ,  p e t r o le u m  
e t n e r ,  a nd  g l a c i a l  a c e t i c  a c id ,  i t  i s  in s o lu b le  i n  w a t e r ,  i t  
b o i l s  a t  2 0 7 ° C . - 2 0 8 ° C . I t  d is c h a r g e s  th e  c o lo u r  o f  perm an­
g a n a te  s o l u t i o n ,  and  co m b in es  w i t h  tw o  m o le c u la r  p r o p o r t io n s  
o f  b ro m in e  . T h e re  was n o  n e c e s s i t y  t o  p re p a re  tn e  c o r re s p o n d ­
in g  a l c o h o l ,  and  th e  am ine  th e r e f r o m ,  s in c e  th e s e  com pounds 
have  a l r e a d y  been  d e s c r ib e d  b y  H e n d e rs o n  and  H e i lb r o n  ( J .O .S .  
1 9 0 8 . 9 3 .  292  -  2 9 3 .)  .
S e p a r a t io n  o f  tn e  N e u t r a l  Ooiapound.
The e t h y l  a lc o n o l  d i s t i l l e d  f r o m  tn e  k e to n e  s e m i-
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o a rb a z o n e , a n d  th e  d i s t i l l a t e  f ro m  tn e  s te a m  d i s t i l l a t i o n  
w e re  m ix e d ,  a n d  a f a r t n e r  la r g e  b u lk  o f  d i s t i l l e d  w a te r  a d d e d . 
The m ix tu r e  was r e p e a te d ly  e x t r a c t e d  w i t n  p e t r o le u m  e t h e r ,  
a n d  th e  c o m b in e d  e x t r a c t s  d r ie d  o v e r  a n n y o ro u s  s o d iu m  s u l ­
p n a te  . The p e t r o le u m  e th e r  e x t r a c t e d  m o s t,  b u t  n o t  a l l ,  o f  
t h e  p r o d u c t  w h ic h  c a u s e d  th e  t u r b i d i t y .  On a c c o u n t  o f  tn e  
v o l a t i l i t y  o f  t i i i s  s u b s ta n c e  th e  p e t r o le u m  e t h e r  was e v a p o r ­
a te d  a t  th e  p u i ^ ,  th u s  g e t t i n g  i f e e  o f  tn e  s o lv e n t  a t  a lo w  
t e m p e r a tu r e .  The s u b s ta n c e  a p p e a re d  t o  be r e a d i l y  s o lu b le  i n  
p e t r o le u m  e t n e r ,  and  i t  was o n ly  o b ta in e d  i n  th e  c r y s t a l l i n e  
s t a t e  b y  p o u r in g  tn e  l a s t  o f  th e  s o l u t i o n  on t o  a w a tc h  g la s s  
a n d  a l lo w in g  tn e  s o lv e n t  t o  s p o n ta n e o u s ly  e v a p o ra te , .  S m a ll 
c o lo u r le s s  c r y s t a l s ,  p o s s e s s in g  an o a o u r r e m in is c e n t  o f  t n a t  
o f  c a n p h e n e , b u t  s h a r p e r ,  w e re  o b ta in e d .  Tnese c r y s t a l s  w e re  
fo u n d  t o  m e l t ,  n o t  v e r y  s n a r p ly ,  a b o u t I i 0 ° 0 .  A f u r t h e r  
p u r i f i c a t i o n ,  b y  c r y s t a l l i s a t i o n  f ro m  a l i t t l e  c h lo r o fo r m ,  
gave  a s a m p le  w h ic h  n a d  a m e l t in g  p o in t  o f  1 2 3 * 0 . - 1 2 5 * 0 .
I t  seem ed p o s s ib le  t h a t  a n o th e r  one o r  tw o  r e c r y s t a l l i s a t i o n s  
m ig h t  s t i l l  f u r t h e r  r a i s e  tn e  m e l t in g  p o in t ,  b u t  v / i t n  tn e  
s m a l l  q u a n t i t y  a v a i la b le  i t  was n o t  c o n s id e re d  a d v is a b le  
t o  r u n  th e  r i s k  o f  f u r t h e r  l o s s .  D u r in g  th e  m e l t in g  p o in t  
d e t e r m in a t io n s  i t  was fo u n d  t n a t  tne  s u b s ta n c e  s u b lim e d  on 
t o  th e  s id e s  o f  tn e  t e s t - t u b e  c o n t a in in g  tn e  th e rm o m e te r .
The s u b s ta n c e  d id  n o t  im m e d ia te ly  d is c h a r g e  th e  c o lo u r  o f  
p e rm a n g a n a te  s o l u t i o n .  I t  was a ls o  fo u n d  t o  be  s a t u r a te d
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to w a rd s  b r o m in e .
A n a ly s e s  s n o w e à :-
O . I 3 S4 g ia s , gave 0 . l l9 0 g m s .  H ^O . 
« ” 0 .3 I5 0 g m s  . 0 0 ^ .
H -  9 .8 9 ^  
0 -  64 #4^ 
H -  9 .6 7 ^  
0 -  64 .2 ^
O .I2 3 6 g m s . gave O .lO B S gn is . H ^O .
* » 0 .2 8 9 6 g m s . 00^ .
r e q u i r e s  C = 6 4 .5 4 ^  : H -  9 . 6 8 ^ .
D e t a i l s  r e g a r d in g  tn e  f o l l o w in g  coaqpounds o f  fo r m u la  0^ 
w e re  fo u n d  i n  th e  l i t e r a t u r e
The com pound d e s c r ib e d  b y  W agner a n d  S la w in s K l ( B e r .  





I t  h a d  a m .p .  1 2 6 * 0 . - I 2 7 ? 0 .
Gave a r e d  c o lo u r  w i t h  c o n c .  s u lp h u r ic  a c id  i n  tn e  c o ld .  
Was s p a r in g ly  s o lu b le  i n  l i g h t  p e t r o le u m .
T h re e  d i f f e r e n t  m o d i f i c a t io n s  o f  p i n o i g l y c o l  a re  de­
s c r ib e d .
a / .  The c i s - m o d i f i c a t i o n  o f  p i n o i g l y c o l  b y  S ia w in s h i  ( j .  
r u s s .  Ohem. p h y s . G e s . 1 8 9 8 . 3 0 .  1 9 5 . ■ O e n t r a l l b l a t t  .
1 8 9 8 .  ( 2 . )  . 5 4 3 . )
4 5 .
OHOH
C :(  O H J,
Has a m .p .  1 2 3 -0  . -1 2 4 -0  .
G iv e s  a g o ld e n - y e l lo w  c o l  o ut  w i t h  c o n c .  H % 80^. 
b / . T r a n s - a c t iv e  m o d i f l o a t  io n  y b y  W agner a n d  S la v d n s k i ( B e r .  
1 8 9 9 . 3 2 .  2 0 7 2 .)  . 
m .p .  7 5 * 0 . - 7 4 - 0 .
S u b l im e s .
c / . T r a n s - in a c t i v e  m o d i f i c a t i o n ,  b y  W agner and  s ia w in s K i  (B e r, 
1 8 9 9 . 3 2 .  2067 .) . 
m .p .  1 2 6 - 0 . - 1 2 7 * 0 .
S u b lim e s .
G iv e s  a g o ld e n -y e  11  ov; c o lo u r  w i t n  c o n c .  H^SO^ i n  th e  
c o ld .
The com pound o b ta in e d  f ro m ( 2 -p in e n e  a ls o  g iv e s  a
g o ld e n - y e l lo w  c o lo u r  w i t h  c o n c .  H^SO^ i n  th e  c o ld ,  i t  sub­
l im e s ,  a n a  h a s  a m .p .  1 2 3 * 0 . - 1 2 5 ^ 0 . ,  t h i s  f i g u r e  b e in g  r e ­
g a rd e d  as lo w  f o r  tn e  re a s o n s  a l r e a d y  g iv e n .  T h e re  i s  t h e r e ­
f o r e ,  a g r e a t  d e a l o f  j u s t i f i c a t i o n  i n  i d e n t i f y i n g  th e
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G o i m d  s e c u re d  f ro m  (3- p in e n e  as th e  t r a n s - i n a c t i v e  m o d i f i ­
c a t io n  o f  p i n o i g l y c o l  d e s c r ib e d  a b o v e .  S in c e  t h i s  com pound 
was p r e p a re d  f r o m  (^ -p in e n e ,  i t  was a t  f i r s t  th o u g h t  t h a t  i t  
m ig h t  p r o v e  t o  be n o p in o lg l y c o l .  T h is  c o n c lu s io n  w as, how­
e v e r ,  u n te n a b le  i n  v ie w  o f  th e  p r o p e r t ie s  o f  tn e  com pound 
f r o m  ^ -p in e n e  w h ic h  have  a l r e a d y  been  s e t  f o r t h ,  and  a ls o  
b e c a u s e  t h i s  com pound was fo u n d  t o  be  r e a d i l y  s o lu b le  i n  
l i g h t  p e t r o le u m .
The s o d iu m  b i s u l p h i t e  s o l u t i o n ,  f r o m  w h ic h  th e  
a id e h y d e - b is u lp h i t e  c r y s t a l s  h a d  b ee n  d e p o s i t e d ,  and  f ro m  
w h ic h  a l l  th e  o x id a t io n  o i l  had  been  e x t r a c t e d ,  was d i l u t e d  
w i t h  an e q u a l v o lu m e  o f  w a te r .  D i l u t e  s u lp h u r ic  a c id  was 
s lo w ly  a d d e d  t o  th e  s o lu t i o n  u n t i l  a l l  e f fe r v e s c e n c e  h a d  
c e a s e d . The s o lu t i o n  was th e n  h e a te d  u n t i l  a l l  th e  s u lp h u r  
d io x id e  h a d  been  e x p e l le d .  When c o o l ,  a s u f f i c i e n t  vo lu m e  
o f  d i l u t e  s u lp h u r ic  a c id  was added  t o  make tne  s o l u t i o n  
f a i n t l y  a c i d i c .  T h is  a c id i c  s o lu t i o n  was r e p e a te d ly  e x t r a c t e d  
w i t h  s m a l l  v o lu m e s  o f  e t h e r .  The com b in ed  e x t r a c t s  w e re  d r ie d  
o v e r  a n h y d ro u s  s o d iu m  s u lp h a te ,  and  tn e  e t n e r  d i s t i l l e d  f ro m  
th e  w a t e r - b a t h .  T h e re  was p r a c t i c a l l y  n o  r e s id u e  l e f t  i n  th e  
d i s t i l l i n g  f l a s k .  The fe w  d ro p s  o f  l i q u i d  w h ic h  d id  re m a in  
w e re  w a sh e d  o u t  w i t h  a s m a ll q u a n t i t y  o f  d i s t i l l e d  w a te r .  The 
s o lu t i o n  show ed an a c i d i c  r e a c t io n ,  b u t  no t r a c e  o f  a n y  a c id  
o th e r  th a n  s u lp h u r ic  a c id  c o u ld  be  d e te c te d .
The s o d iu m  c a rb o n a te  s o lu t i o n ,  w i t h  w h ic h  th e
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o x id a t io n  o i l  l ia d  b ee n  w a sh e d  a f t e r  th e  e x t r a c t i o n  o f  th e  
a ld e h y d e s ,  was e x a m in e d  i n  a s i m i l a r  f a s h io n .  A t r a c e  o f  an 
o r g a n ic  a c id  was fo u n d  a f t e r  th e  e th e r  n a d  b e e n  d i s t i l l e d  
o f f . T h is  a c id  o c c u r r e d  as a d ro p  o f  t h i c k  o i l ,  p o s s e s s in g  
a s o u r  s m e ll  . The q u a n t i t y  was f a r  t o o  s m a ll  t o  p e r m i t  o f  
f u r t h e r  e x a m in a t io n ,  b u t  i n  a l l  p r o b a b i l i t y  th e  a c id  was fo r m  
e d  f ro m  tn e  a ld e h y d e s  b y  a i r  o x i d a t io n .
A t 110 p o i n t  i n  th e  e x a m in a t io n  o f  th e  v o l a t i l e
p o r t i o n  o f  th e  o r i g i n a l  o x id a t io n  p r o d u c t  was a s u b s ta n c e  
i s o l a t e d  a n a lo g o u s  t o  th e  c h i  o r  o~ com pound o b ta in e d  b y  Hen­
d e rs o n  a n d  G ra y  f r o m q - p in e n e  ( l o c .  c i t . )  .
The r e s in ,  w h ic h  re m a in e d  i n  th e  d i s t i l l a t i o n  f l a s k  
a f t e r  t h e  s te a m  d i s t i l l a t i o n  o f  th e  o r i g i n a l  o x id a t io n  o i l  
was d is s o lv e d  i n  e t h e r .  The d a rk  b rovm  s o lu t i o n  was r e p e a te d ­
l y  w a sh e d  w i t h  w a te r  u n t i l  a s a n p le  f a i l e d  t o  show a n y  t r a c e  
o f  c h ro m iu m  s a l t s ,  o r  s o lu b le  c h lo r id e s .  A s m a ll  q u a n t i t y  o f
t h e  e t h e r e a l  s o l u t i o n  was e v a p o ra te d  t o  d r y n e s s ,  and  th e  r e ­
s id u e  e x a m in e d  f o r  com b ined  c h l o r i n e . No t r a c e  o f  c h lo r in e  
was fo u n d .  The e t h e r e a l  s o lu t i o n  was th e n  sh a ke n  up w i t n  a 
s o l u t i o n  o f  s o d iu m  c a r b o n a te .  No e f fe r v e s c e n c e  was o b s e rv e d , 
b u t  th e  sod iu jm  c a rb o n a te  s o lu t i o n  became t i n t e d  w i t h  th e  d a r k  
b ro w n  c o lo u r  o f  th e  r e s i n .  I t  was n o t  fo u n d  p o s s ib le .  How­
e v e r ,  t o  i s o l a t e  t i ie  s o d iu m  s a l t  o f  a n y  d e f i n i t e  a c id .  The 
e t h e r e a l  s o l u t i o n  was washed f r e e  fro m  s o d iu m  s a l t s  and  d r i e d ,  
The e th e r  was d i s t i l l e d  o f f ,  a nd  th e  r e s in  s u b m it te d  t o
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d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e .  N o th in g  d i s t i l l e d  o v e r  
e x c e p t  w a te r ,  a n d  a c a rb o n a c e o u s  mass re m a in e d  b e n in d  i n  th e  
f l a s k .
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Tne O x id a t io n  Q f|^ ~ P ln e n e  w i tx i  H y d r  o&en P e r ox  i  de .
I n  o r d e r  t o  c a r r y  o u t  th e  o x id a t io n  2 m o le c u la r  
p r o p o r t io n s  o f  n y d ro g e n  p e r o x id e  w ere  a d d e d  t o  5 0 g m s , o f  
0 - p ln e n e  d is s o lv e d  i n  130gras. o f  g l a c i a l  a c e t i c  a c i d .  Tne 
n y d ro g e n  p e r o x id e  u s e d  was ”  P e r h y d r o l  " ,  -  a 3 0 ^  aqueous 
s o l u t i o n  -  a n d  2 m o le c u la r  p r o p o r t io n s  o f  t h i s  s t r e n g n t  w e re  
c a lc u la te s ,  t o  be 78  e . c ’ s .  The m ix tu r e  was h e a te d  on th e  
w a t e r - b a t h  a t  50 0 . - 5 5  0 .  u n t i l  'one p in e  n e ,  w n ic h  s e p a r ­
a t e d ,  on th e  a d d i t i o n  o f  tn e  n y a ro g e n  p e r o x id e ,  n a d  a g a in  
p a s s e d  i n t o  s o l u t i o n .  U nder th e s e  c o n d i t io n s  th e  o x id a t io n  
p ro c e e d e d  som ewnat s lo w ly ,  b u t  a t te m p ts  t o  h a s te n  th e  p ro c e s s  
b y  c a r r y i n g  i t  o u t  a t  n ig n e r  te m p e ra tu re s  r e s u l t e d  i n  th e  
f o r m a t io n  o f  much r e s in o u s  m a t te r  . A f t e r  c o n s ta n t  n e a t ln g  f o r  
a b o u t  a week a i l  th e  u p p e r  la y e r  h ad  d is a p p e a re d ,  and  tn e  
o x id a t io n  was ta k e n  t o  be  c o m p le te .  Tne s o l u t i o n  was now o f  a 
l i g h t  y e l l o w is h  b ro w n  t i n t ,  i t  was d i l u t e d  w i t n  d i s t i l l e d  
w a te r ,  a n d  th e  a c e t i c  a c id  c o m p le te ly  n e u t r a l i s e d  b y  tn e  add­
i t i o n  o f  s o d iu m  c a r b o n a te .  An o i l y  l i q u i d  w h ic h  s e p a ra te d  was 
e x t r a c t e d  b y  means o f  e t h e r .  The e th e r  e x t r a c t io n s  h a d  t o  be  
v e r y  e x h a u s t iv e ,  as even th e  t e n t h  e x t r a c t ,  when t e s t e d ,  was 
fo u n d  t o  c o n t a in  a s m a ll q u a n t i t y  o f  p r o d u c t . The e x t r a c t io n s  
w ere c o n t in u e d  u n t i l  th e  s o l u t i o n  h a d  bee n  e x t r a c t e d  f o u r te e n  
t im e s  . The e t h e r e a l  e x t r a c t s  w e re  co m b in e d , w ashed  w i t h  
s u c c e s s iv e  s m a ll  q u a n t i t i e s  o f  w a te r ,  t o  e x t r a c t  a n y  s o d iu m  
a c e ta te ,  a n d  d r ie d  o v e r  a n h y d ro u s  so d iu m  s u ip n a te .
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Tne o r i g i n a l  aqueous s o lu t i o n  w o u ld  s t i l l  c o n ta in  
t n e  s o d iu m  s a l t  o f  a n y  a c id  w n ie n  m ig h t  h a ve  b e e n  fo rm e d  
d u r in g  th e  o x i d a t io n .  A s m a ll q u a n t i t y  o f  d i l u t e  a c e t i c  a c id  
w a s , t h e r e f o r e ,  a dd ed  u n t i l  th e  s o l u t i o n  was j u s t  a c id  t o  
l i t m u s .  The s o l u t i o n  was th e n  e x t r a c t e d  w i t n  e t h e r .  The r e ­
s id u e  f r o m  tn e  e x t r a c t ,  a f t e r  th e  e t h e r  h a d  been  d i s t i l l e d ,  
c o n ta in e d  no o th e r  a c id  t i ia n  a c e t i c ,  i n  case  th e  a c id ,  i f  a n y  
w e re  fo rm e d ,  s h o u ld  be a s t r o n g e r  a c ia  th a n  a c e t i c ,  a fe w  
d r o p s  o f  d i l u t e  s u lp h u r ic  a c id  ^ e re  a d d e d  t o  th e  s o l u t i o n ,  
and  i t  was a g a in  e x t r a c te d  w i t n  e t h e r .  The r e s id u e ,  on e x a m in ­
a t i o n ,  c o n ta in e d  no o th e r  o r g a n ic  a c id  e x c e p t  a c e t i c  a c id .
I t  w a s , t h e r e f o r e ,  c o n c lu d e d  t n a t  no f r e e  a c id  was fo rm e d  
d u r in g  t n e  o x id a t io n .
Tne e tn e r  was d i s t i l l e d  o f f  f ro m  tn e  d r ie d  e th e r e a l  
e x t r a c t  o f  th e  o x id a t io n  p r o d u c ts ,  a nd  a b ro w n  v i s c i d  o i l  was 
o b t a in e d .  T h is  was m ix e d  w i t n  an e q u a l vo lum e  o f  f r e s h l y  
p r e p a r e d ,  s a t u r a t e d  aqueous s o d iu m  b i s u l p h i t e . A f t e r  s ta n n in g  
i n  a c o o l p la c e  f o r  s e v e r a l  d a y s , w i t h  o c c a s io n a l s h a k in g ,  
a fe w  c r y s t a l s  w e re  d e p o s i te d .  On e x a m in a t io n ,  h o w e v e r , th e s e  
w e re  fo u n d  t o  c o n s is t  o f  n o th in g  e ls e  th a n  s o d iu m  b i s u l p h i t e  . 
The s o l u t i o n  was a l lo w e d  t o  s ta n d  i n  c o n ta c t  w i t n  th e  s o d iu m  
b i s u l p h i t e  f o r  s e v e r a l weeks lo n g e r ,  b u t  no a ld e h y d e - b is u lp h ­
i t e  com pound was s e c u re d .  I t  seemed f a i r l y  w e l l  e s t a b l is h e d  
t h a t  no a ld e h y d e s  w e re  fo rm e d  d u r in g  tn e  o x id a t io n .  S im i la r ly ^  
on t r e a tm e n t  w i t h  s e m ic a rb a z id e  a c e t a t e ,  no s ig n  o f  a ny
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k e to n e  was o b s e rv e d .
The o x id a t io n  o i l  was r e c o v e r e d  f r o m  th e s e  s e v e r a l  
p r o c e s s e s ,  w ashed  f r e e  f ro m  th e  r e a g e n ts ,  a n d  s u b m it t e d  t o  
s te a m  d i s t i l l a t i o n .  A b o u t t h r e e - q u a r t e r s  o f  th e  t o t a l  o i l  
p a s s e s  o v e r  w i t h  tn e  s te a m , and  th e  n o n - v o la t i l e  p o r t i o n  
re m a in e d  b e h in d  i n  th e  d i s t i l l i n g  f l a s k  as  a d a r k  b ro w n  
r e s in o u s  mass . The v o l a t i l e  p o r t i o n  was e x t r a c t e d  f r o m  tn e  
d i s t i l l a t e  w i t h  e t h e r ,  th e  e t h e r e a l  s o l u t i o n  d r ie d ,  a n d  th e  
e th e r  d i s t i l l e d  o f f .  A p r a c t i c a l l y  c o lo u r le s s ,  f a i r l y  m o b ile  
o i l ,  w i t h  a n o t  u n p le a s a n t  o d o u r, was o b ta in e d .  T h is  o i l  was 
d is s o lv e d  i n  m e tn y l a lc o h o l  and  th e  c a lc u la t e d  am ount o f  
p o ta s s iu m  n y d r o x id e ,  d is s o lv e d  i n  m e tn y l a lc o h o l ,  was a d d e d . 
The m ix t u r e  was h e a te d  on th e  ^ ^ tm r - b a th ,  u n d e r  a r e f l u x  con ­
d e n s e r ,  f o r  n a i f - a n - h o u r . The m e th y l a lc o h o l  was d i s t i l l e d  
o f f ,  u s in g  a s h o r t  f r a c t i o n a t i n g  c o lu m n , a n d  ta e  r e s id u e  was 
s u b m it t e d  t o  s te a m  d i s t i l l a t i o n .  The a qu eous  r e s id u e  re m a in ­
in g  b e h in d  i n  th e  d i s t i l l i n g  f l a s k  was a c i d i f i e d  w i t n  d i l u t e  
s u lp h u r i c  a c id .  A c e t i c  a c id  v;as l i b e r a t e d ,  b u t  no t r a c e  o f  
a n y  o th e r  o r g a n ic  a c id  c o u ld  be  d e te c te d .  I t  was tn u s  shovm 
t h a t  th e  e s t e r s  i n  th e  v o l a t i l e  p o r t io n  o f  th e  o x id a t io n  o i l  
c o n s is te d  s o l e l y  o f  a c e ta te s ,  a n d  t h a t  e s te r s  o f  any  a c id  
fo rm e d  d u r in g  th e  o x id a t io n  d id  n o t  o c c u r .
The s te a m  d i s t i l l a t e  was e x t r a c t e d  w i t h  e t h e r ,  th e  
e x t r a c t  d r ie d ,  and  th e  e th e r  d i s t i l l e d  o f f .  The r e s id u a l  o i l  
was th e n  s u b m it t e d  t o  d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e .
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w hen i t  was fo u n d  t h a t  p r a c t i c a l l y  tn e  w n o le  o f  i t  p a s s e d  
o v e r  a t  C c . / i s i m .  The o i l  show ed no s ig n s  o f  sep­
a r a t i n g  i n t o  d i f f e r e n t  f r a c t i o n s  . H e n d e rs o n  and  S u tn e r la n d  
o b s e rv e d  ( l o o .  c i t J  t h a t  (X -P in e n e , vmen o x id is e d  w i t n  h yd ­
r o g e n  p e r o x id e ,  gave r i s e  to  a m ix tu r e  o f  o ( - t e r p in e o l  and  
b o r n e o l .  A l th o u g h  no  d i s t i n c t i v e  o d o u r v/as n o t i c e a b le ,  i t  
was c o n s id e r e d  t h a t  a s im i l a r  m ix t u r e  m ig h t  have  b ee n  fo rm e d  
i n  th e  c a s e  o f  ^ - p i n e n e . A sa m p le  o f  th e  o i l  vfas se e d e d  w i t h  
a c r y s t a l  o r  tw o  o f  d - t e r p i n e o l  ( m .p . 3 5 - C J  a nd  c o o le d  i n  a 
f r e e z in g  m ix t u r e .  No c r y s t a l s  w e re  fo rm e d , and  i n  f a c t  tn e  
^ - t e r p i n e o l  p a s s e d  i n t o  s o lu t i o n  i n  th e  o i l .  i t  became e v i ­
d e n t  t h a t  th e  c o n s t i t u e n t s  o f  th e  o i l  w e re  som ewhat d i f f e r e n t  
f r o m  th o s e  o b ta in e d  f ro m  d - p in e n e . I t  was a ls o  e v id e n t  t n a t  
th e  o i l  c o n s is te d  e i t h e r  o f  a s in g le  l i q u i d  a lc o h o l  o r  g l y c o l  
o r  a m ix t u r e  o f  a t  le a s t  tw o  s u c h  cO E ^ounds, p o s s e s s in g  b o i l ­
in g  p o in t s  c lo s e  t o  e ach  o t h e r .  I t  was d e te rm in e d ,  t h e r e f o r e ,  
t o  a t te m p t  th e  p r e p a r a t io n  o f  p - n l t r o b e n z o a t e s ,  i n  o r d e r ,  
i f  p o s s ib le ,  to ,  th ro w  m ore l i g h t  on t h i s  p ro b le m .
A p o r t i o n  o f  th e  o i l  was d is s o lv e d  i n  1 0 -1 2  t im e s  
i t s  v o lu m e  o f  p u re  d r y  p y r i d i n e .  The c a lc u la t e d  q u a n t i t y  o f  
p o w d e re d  p - n i t r o b e n z o y l  c h lo r id e  was w e ig h e d  o u t ,  a nd  g ra d ­
u a l l y  a d d e d  t o  th e  s o lu t i o n ,  c a re  b e in g  ta k e n  t o  p r e v e n t  
undue h e a t i n g .  A f t e r  a l l  th e  p - n i t r o b e n z o y l  c h lo r id e  nad  b e e n  
added , th e  m ix t u r e  was g e n t l y  warmed on t i ie  w a te r - b a th  f o r  
a fe w  d a y s .  A f t e r  th e  r e a c t io n  was c o n s id e re d  t o  be  c o m p le te
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t h e  d a r k  b ro w n  s o lu t i o n  w h ic h  r e s u l t e d  was a l lo w e d  t o  c o o l .  
The l i q u i d  s e t  t o  a p a s ty  c r y s t a l l i n e  m ass , a nd  t h i s  v/as 
d r a in e d  a t  th e  p u r i^ . The f i l t r a t e  was d is s o lv e d  i n  5 ^  s u l ­
p h u r i c  a c id ,  i n  o rd e r  t o  d is s o lv e  tn e  p y r i d i n e ,  a nd  t o  p r e ­
c i p i t a t e  a n y  f r e e  p - n i t r o b e n z o ic  a c i d .  T n is  s o l u t i o n  was f i l ­
t e r e d  a t  th e  pump th ro u g h  th e  same f i l t e r  p a p e r  as b e fo r e ,  
a n d  th e  r e s id u e  on tn e  f i l t e r  w ashed  w i t h  5 ^  s u lp h u r ic  a c id  
u n t i l  no  m ore  p y r id i n e  re m a in e d .  The f i l t r a t e ,  a f t e r  i t  had  
s to o d  f o r  a l i t t l e  t im e ,w a s  o b s e rv e d  t o  be c o v e re d  w i t h  an 
o i l y  f i l m ,  and  i t  was s e t  on one s id e  f o r  i d r t h e r  e x a m in a t io n .  
The r e s id u e  on th e  f i l t e r  was s h a k e n  up w i t h  d i l u t e  s o d iu m  
b ic a r b o n a te  i n  o rd e r  t o  d is s o lv e  a n y  f r e e  s u lp h u r ic  a c ia ,  o r  
a n y  p - n i t r o b e n z o ic  a c id  fo rm e d  d u r in g  th e  r e a c t i o n .  When 
a l l  e v o lu t io n  o f  c a rb o n  d io x id e  was a t  an  e nd  t i ie  m ix tu r e  was 
f i l t e r e d  a t  th e  p u # . The r e s id u e  was w ashed w i t h  w a te r ,  and  
d is s o lv e d  i n  h o t  m e th y l a l c o h o l .  The a lc o h o l  s o l u t i o n  was 
h e a te d  u n d e r  a r e f l u x ,  and a l i t t l e  a c t i v a t e d  a n im a l c h a r c o a l 
a d d e d  t o  th e  s o l u t i o n .  Tne s o lu t i o n  was f i l t e r e d  f r e e  f ro m  
c h a r c o a l ,  a n d  a l lo w e d  t o  c o o l .  S m a ll g l i s t e n i n g  p la t e s ,  w i t h  
a p a le  y e l lo w  c o lo u r ,  s e p a ra te d  o u t .  A f t e r  s e v e r a l  r e c r y s t a l ­
l i s a t i o n s  f r o m  m e th y l a lc o h o l ,  when th e y  became a lm o s t  w h ite  
i n  c o lo u r ,  t . ie  c r y s t a l s  w e re  fo u n d  t o  m e lt  s h a r p ly  a t  1 3 7 * 0 .
A s p e c im e n  o f  p u re  b o r n e o l p - n i t r o b e n z o a te  was p re p a re d  i n  a 
s im i l a r  m a n n e r, and  i t  vras a ls o  fo u n d  t o  m e lt  a t  1 3 9 * 0 .  The 
two p - n i t r o b e n z o a t e s  w e re  m ix e d , b u t  no  lo w e r in g  o f  th e
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m e l t in g  p o i n t  way o b s e rv e d .  I t  w a s , t h e r e f o r e ,  e s t a b l is h e d  
t h a t  b o r n e o l  was one o f  th e  p r o d u c ts  o b ta in e d  b y  o x i d i s i n g  
^ - p in e n e  w i t n  n y d ro g e n  p e r o x id e .
S in c e  th e  v o l a t i l e  p o r t i o n  o f  th e  o x id a t io n  o i l  was 
l i q u i d  a t  o r  d in a r  3̂  te m p e ra tu re s ,  i t  was e v id e n t  t n a t  i t  was 
a m ix t u r e ,  h o  g r e a t  d i  f i t  c u l t  j»- h ad  been  e n c o u n te re d  i n  p u r ­
i f y i n g  th e  b o r n e o l p - n i t r o b e n z o a t e ,  and  on t h a t  a c c o u n t  i t  
a p p e a re d  l i k e l y  t h a t  th e  o th e r  c o n s t i t u e n t ,  o r  c o n s t i t u e n t s ,  
o f  th e  m ix t u r e  d id  n o t  r e a c t  so  r e a d i l y  w i t h  th e  p - n i t r o -  
benzo3^1 c h lo r id e  as b o r n e o l d i d .  T h is  o b s e r v a t io n  s u g g e s te d  a 
p o s s ib le  m eans o f  s e p a r a t in g  th e  c o n s t i t u e n t s  o f  th e  m ix tu r e  . 
The r e m a in in g  p o r t i o n  o f  tn e  v o l a t i l e  o i l  w a s , t h e r e f o r e ,  
t r e a t e d  w i t h  r a t h e r  le s s  th a n  th e  c a lc u la t e d  q u a n t i t y  o f  
p - n i t r o b e n z o y i  c h lo r i d e .
The f i l t r a t e s  and p y r id i n e  s u lp h a te  s o lu t i o n s  w e re  
a l l  c o l l e c t e d ,  and  tn e  o i l y  s u r fa c e  f i l m  e x t r a c t e d  w i t h  e t h e r .  
The e t h e r  was d i s t i l l e d  o f f  and  th e  r e s id u e  s t e a io r - d i s t i l l e d .
A s m a ll  q u a n t i t y  o f  a g re a s y  lo o k in g  s o l i d  a c c u m u la te d  i n  th e  
r e c e iv i n g  f l a s k ,  and  f l o a t e d  on th e  s u r fa c e  o f  th e  co n d e n se d  
w a te r .  A s m a ll  sa m p le  was c o l le c t e d  and  d r ie d ,  and  th e  m e l t ­
in g  p o i n t  o f  t h i s  sa m p le  was fo u n d  t o  be  a b o u t 40° C . T h is  
s u b s ta n c e  h a d  r a t h e r  an  u n p le a s a n t  s m e l l ,  r e s e m b lin g  t h a t  o f  
f e n c h y i  a l c o h o l .
A s m a l l  vo lu m e  o f  D - fe n c h o n e  was o b ta in e d  and  d is ­
s o lv e d  i n  m e  t h i r l  a l c o h o l .  The s o lu t i o n  was b o i le d  u n d e r  a
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r e f l u x ,  a n d  s l i ^ p i t l y  m ore  th a n  tn e  t h e o r e t i c a l  am ount o f  
m e t a l l i c  s o d iu m  g r a d u a l l y  a d d e d , wnen a l l  r e a c t io n  n a d  c e a s e d  
tn e  m ix t u r e  was d is s o lv e d  i n  w a te r ,  a n d  th e  m e th y l a lc o h o l  
d i s t i l l e d  o f f ,  u s in g  a  f r a c t i o n a t i n g  c o lu m n . The r e s id u e  was 
s t e a m - d i s t i l l e d ,  a n d  tn e  f e n c h y i  a lc o h o l  e x t r a c t e d  f ro m  th e  
d i s t i l l a t e  b y  means o f  e t h e r .  On d r y in g  tn e  s o l u t i o n ,  a n d  
s e p a r a t in g  th e  e t h e r  b y  d i s t i l l a t i o n ,  th e  f e n c h y i  a lc o h o l  was 
o b ta in e d  i n  tn e  s o l i d  c o n d i t io n .  T h is  f e n c h y i  a lc o h o l  was 
o b s e rv e d  t o  m e lt  a t  41*C. A p o r t i o n  was m ix e d  w i t h  th e  s o l i d  
o f  m . p .  4 0 ° C.  s e c u re d  f ro m  tn e  v o l a t i l e  o x id a t io n  o i l .  No ap­
p r e c ia b le  lo w e r in g  o f  tn e  m e l t in g  p o in t  was o b s e rv e d .  T n e re  
i s ,  t h e r e f o r e ,  no d o u b t t h a t  f e n c h y i  a lc o h o l  o c c u rs  am ongst 
t h e  o x id a t io n  p r o d u c ts  o f / ^ - p in e n e . E x p e r im e n t a ls o  show ed 
t h a t  b o r n e o l  a n d  f e n c h y i  a lc o h o l  r e a d i l y  fo rm  a l i q u i d  m ix tu r e  
A l s o ,  s in c e  th e  n o rm a l b o i l i n g  p o in t s  o f  th e  tw o  com pounds 
l i e  w i t h i n  lO * C . o f  e a c h  o th e r ,  i t  can be u n d e rs to o d  vmy 
d i s t i l l a t i o n  u n d e r  re d u c e d  p re s s u r e  f a i l e d  t o  s e p a ra te  th e m .
The d a rk  b ro w n  r e s in o u s  p o r t io n  o f  tn e  o x id a t io n  
p r o d u c t  W h ic h  d id  n o t  d i s t i l  i n  s te a m  was d is s o lv e d  i n  m e tn y l 
a l c o h o l .  A s o l u t i o n  o f  p o ta s s iu m  h y d r o x id e  i n  th e  same s o lv e n t  
was a d d e d , and  tn e  w h o le  h e a te d ,  u n d e r  a r e f l u x ,  on th e  w a te r -  
b a th  f o r  h a l f - a n - h o u r . The c a u s t ic  p o ta s h  was th e n  n e u t r a l i s e d  
b y  p a s s in g  i n  c a rb o n  d io x id e  as th e  s o lu t i o n  c o o le d ,  when 
n e u t r a l i s a t i o n  was c o m p le te , th e  h y d r o ly s e d  p r o d u c t  was ex­
t r a c t e d  w i t h  e t h e r .  The e t h e r e a l  s o lu t i o n  was d r ie d ,  and  tn e
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e th e r  d i s t i l l e d  o f f .  A f e w  c . c ’ s o f  a d a r k  b ro w n , v e r y  v i s c i d  
l i q u i d  r e m a in e d .  I t  was fo u n d  t o  d is s o lv e  b y  b e in g  s t i r r e d  up  
w i t h  b o i l i n g  w a te r .  Tne aqueous s o l u t i o n  was b o i l e d  w i t h  a n im a l 
c h a r c o a l a n d  f i l t e r e d .  The f i l t r a t e  was s a t u r a te d  w i t h  aiximoiiiuia 
s u lp h a te  and r e p e a te d ly  e x t r a c t e d  w i t n  e t h e r .  The e x t r a c t s  w e re  
d r i e d  a n d  th e  e t h e r  d i s t i l l e d  o f f .  The r e s id u e  was a c le a r ,  
w a t e r - w h i t e ,  v e r y  v i s c i d  l i q u i d .  F r a c t io n a l  d i s t i l l a t i o n  o f  
t h i s  l i q u i d  was a t te m p te d ,  b u t  i t  was found t h a t  i t  r e a d i l y  
d e c o m p o s e d . T h is  u o in t e d .  i f  a n y th in g ,  t o  a h ig h  h y d r o x y l  
c o n t e n t .  A l i t t l e  o f  th e  s u b s ta n c e  was d is s o lv e d  i n  a s m a ll  
v o lU iiie  o f  b e n z e n e , c o o le d  i n  a f r e e z in g  m ix t u r e ,  and  s t i r r e d  
w i t h  a g la s s  r o d .  Wo c r y s t a l s  w e re  o b t a in e d .  A n e g a t iv e  r e s u l t *  
u n d e r  s i m i l a r  c o n d i t io n s ,  was a ls o  o b ta in e d  w i t h  e t h e r ,  l i g h t  
p e t r o le u m ,  c h lo r o fo r m ,  c a rb o n  t e t r a c h l o r i d e ,  c a rb o n  d i s u lp h id e ,  
e t h y l  a c e t a t e ,  a c e to n e ,  and p y r i d i n e . On a t te m p t in g  t o  p r e p a r e  
a p - n i t r o b e n z o a t e ,  a v e r y  s m a ll q u a n t i t y  o f  c r y s t a l s  was ob­
t a in e d ,  a n d  th e s e ,  a f t e r  p u r i f i c a t i o n ,  show ed a m e l t in g  p o in t  
r a n g in g  f r o m  5 0 * 0 .  t o  7 0 ° 0 .  The e s t e r  w as, t h e r e f o r e ,  e v i d e n t l y  
a m ix t u r e , e i t h e r  o f  p - n i t r o b e n z o a te s  o f  d i f f e r e n t  s u b s ta n c e s ,  
o r  e ls e  d i f f e r e n t  p - n i t r o b e n z o a te s  o f  tn e  same s u b s ta n c e .  Tne 
c r y s t a l s  w e re  n o t  am enab le  t o  f r a c t i o n a l  r e c r y s t a l l i s a t i o n  
f ro m  h o t  m e th y l a l c o h o l .  The t o t a l  y i e l d  o f  t h i s  compound 
was e n t i r e l y  u s e d  up  i n  th e  fo r e g o in g  e x p e r im e n ts ,  and  no  
f u r t h e r  w o rk  on i t s  c o n s t i t u t i o n  c o u ld  be c a r r i e d  o u t . F rom  
a r e v ie w  o f  tn e  g e n e r a l p r o p e r t ie s  o f  t h i s  com pound i t  seems
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p r o b a b le  t h a t  i t  i s  I d e n t i c a l  w i t n  th e  2 : 8 : 0 - t r ih y o r o x y m e n -  
th a n e  d e s c r ib e d  b y  W a ll a o il,  and  T ie ia a n n  and  Senim3.er. The 
a rg u m e n ts  i n  f a v o u r  o f  t h i s  v ie w  h a ve  a l r e a d y  b e e n  s e t  o u t
( p  . 22 .) .
I n  th e  o x id a t io n  w i t h  o h ro m y l c h l o r i d e ,  I20gm s o f  
^ - p in e n e  w e re  u s e d ,  i n  th e  o x id a t io n  w i t h  h y d ro g e n  p e r o x id e ,  
I5 0 g m s . o f  f^ -p in e n e  w e re  u s e d . The t o t a l  w e ig h t  o f  (3 -p in e n e  
u s e d  i n  th e s e  e x p e r im e n ts  w as, t h e r e f o r e ,  270 gm s.
